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PREPACE. 



» PTER haTinf^ roatl Profoaaor Doiidera'a jiapers ou tlio 
"Anomalies of Itefraction and Accoinmodntion of the 
Bye," in the Arcfdo fiii- 0}ihthalmof£ji.e, I in 1H60 visited 
Utreoht, for the pm-poee of more completely siadjing tbo 
views of the cmineut ProfeBSor/ fi-om whose writings I had 
already derired ao much adraiitage. I take this opportu- 
nity of puhliely thaukiug Professor Donders and Drs. Snellen 
and Hafikianiis for the imifonn kiudnogg and courtesy 
which I experienced from thum during my stay at Utrecht. 
After my rotum J'rom that town, I commeneed to submit 
what I had learnt thoro to tho test of practical esperience 
at the Ophthalmic Hospital, Southwark. The resuItB of 
that experience, collated from tho written recorda of a large 
number of oasos, I now givo to the Profesaion in this hmnhle 
tiihuto fco the gencsral Importance and accuracy of those 
researches which have shed bo brilliant a halo ai-ouud theii" 
author.* Tho frequent refm-ences to the works of MaokonaiG, 
V. Griife, and Gimud-Teulon, we in themselves, I trust, a 
sufficient acknowledgment of how indebted I am to the 

* A part of this ei«»y has alroiuly appeiired in the MMual Times a/iul 
(faoilU, in a ^criun qS L«(.-lur«M, ihe lil«nvry fonii of wbitli 1 hs\e nut 
thou}(bt il iieciui>ary to aiUi. 



VI PREFACE. 

writings of those diBtingnished ophthalmologists. Nor should 
I omit to specially mention the admirable work of Porterfield, 
which, after the lapse of upwards of a century, still holds its 
ground as a standard authority on the Optics of the Eye. 

Finally, I would venture to hope that the following pages 
may be found a usefdl Introduction to the comprehensive 
Treatise of Professor Bonders, in the twenty-second volume of 
the New Sj^eaham Society's works. 

J. Z. L. 



30, Devonshire Street, Porikmd Place, 
April, 1865. 
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OPTICAL DEFECTS OF THE EYE, 



CHAPTER I. 



OPTICAL CONBIDEItATlONS. 

TN the present courao of lectures I propose giving uu 
■*■ account, of those defects of vision wbicli depond either 
upon a misformiitioTi or a perversion of function of the optical 
stractiirea of tlio eye. Up to a comparatively recent period 
the pathological deTiations of tho rofrnctive and aocommo- 
dativB powers of the eye were, froTn. the want of any system 
'in their discrimination, involved in such hopeless confusion, 
that the determinatioi] of the glaaaee requisite for their eor- 
roction became unsatisfactory and empirical in tho last 
degree : the error was, most ophthalmic surgeons rested 
satisfied with but a auperfioial knowledge of optica, whilst 
opticians regarded the eya rather as a production of theii* 
workshops requiring some correction, than as a structure of 
the human body, endowed with all the attributes of vitahty. 
I shall, therefore, not conceive the time iU-spent, if wo confine 
our attention, in the first instance, to optics considered as ft 
pure sciencCj* altogether independent of the apphcations wo 

■* In tie coiiwe a* actually dBlivBrcd by mo at tho OphtliaTmic Hospital, 
Sonthmnrk, all (he liiiwliiiy plienomona of opti«il si^ieiici-, as the laws of 
Tefleclioii and rcfractiou, Ac, were fully iliscusiM.id ; but as tJiege subjects are 
liut iuipt'i'fvetly Intpllij^ible without «iio!i exiierijtieiital illustraliuun an I thtn 
ptodiiccil, ] liuvu omitted bli«ui in the Icctims aa now {iMbli»hL'd, proceeding 
at anue U> tlie eonaidemtiou of optical Iwises, u kuuwledge «f which ia 
«Mi«nliaI r«r tbe due comprehension of the phytiologicil lutd pulhcrlogicul 
qsticB of the oyc. 
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dtiall toreafter Lave to mnte of our knowledge thus acquired, 
Td attempt to unclGratarid the optical conHtructiua and defocta 
of tUe eye without such a. prOTious knowledge, is aimply 
irrtttional ; aud it is to the absence of any Buch preliminury 
information that I am led to aacnho the unintellirfilile cha- 
racter which most of thi3 coramuiiiciitjoiis hitherto pubUshed 
on this subject have possesaed for the jirofeBsion at large, 

Tlie eye 'at, in its moat important relationSj esBentia.lIy an 
optical inatrunjGut, through whoao modiiim we take cogni- 
suuco of the luofit obvious and necessary events of the external 
world. THb, in its turn, becomes the subject of our visual 
observation by that phyaical force which we understaud by tho 
term "light." 

Light ia one of tho&o agents of natnre tho exiatenco of 
which is inferred from its efl'ects, just as that of heat, elec- 
tricity, mechanical oi" vital force is infeired from their 
effects. The effect of light which priucipaUy coucerns us 
U that which it e-tercises on the retina ; but photography, 
magQiitism, vegetation, all demonstrato the existence of light 
as a perfectly indepcndont physical agent. In other words, 
supjiosiug all the world were blind, still light would exist, 
even in ita purely optical aonso: it would, still be reflected, 
rofrnctod, polarised, although we shoidd be unable to re- 
cognise any such effects. Some of the bodies of nature arc, 
in themaelrea, sources of light — sclf-liimiiwus — auch as tho 
sun, the stars, bodies in a state of ignition. On the othor 
hand, most hodiee aro not eel t'-lnmi nous, but derive their 
lutuinosity from reflected bght, which itself ia, in the first 
instance, derived from self-luminous bodiea. Thus, the 
objects in a pei-fectly dark chiimbor only become visible by 
tho introduction of a light ; extinguish this latter, and they 
are no longer seen. 

For the Bake of precision in tlie investigation of the law^a of 
the propagation of light through fepoce, it ia necessary to 
consider all huaiaous bodies as composed of an infinite nmnber 
of iu^itely email luuiinouB poiats, each of these points to 
give off, in all possible directions — i-ailiate — a.n in5nite number 
of straight lines of light of cxtromo tenuity. These liiiea of 
light are individiially culled mys of light, whilat the combined 
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ba&dle of rays wliicli omanate from, or converge to, a luminoas 
point is called a pmcil of rays.* If tlie component rays of a 
pencil of light, ia tlieir onward pi-ogross from their initial 
Eonroe — tho luminous point — separate furtliur and further 
from each other, then w« have liefore as a dlct^i-ift'iil pencil 
(Fig. 1) ; if, on the other hand, the rays approach each other 
doser and closer as they proceed onwarils to a point, then we 
have a convergent peaoil (Pig". 2) ; whilst, lastly, if the rays of 
a paocil neither diverge nor converge in tlieir onward course, 



Fifl. 1. 



Fia. S. 





Fie. 3. 






we have a 2'^rallel pencil (Pig. 3). A luminons point is 
termed, in tho language of optics, a focus of rays, or, shortly, 
a J'ocim. 

As an illustration of divergent and convergent pencils, tho 
eas© of the flams of a candle before which a convex lens ia 
held may bo taken. The rays of hght diverge from the con- 
Btituent luminous points of tho flame, and are converged to as 
many points again by the lens, as we shall discuss fully at a 
hitor period of these locturea, Prom what has been before 

* Wo may oTitaiai aa npproxinmte ccnnrL'te iiiwi pf a " niy" of light by allow- 
tng the lig'lil from tbo nuii to pties intti u dark ulittiuljer through the niinulest 
^jMssihlo hole ilriUeri in a ihin plalfl of intital ; enkriic this hole, and aeveral 
, 1-omititul.iiig a " pencil'' of light, will enter the chamber. 
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atdd, it may be inferred that all larainoua Tjodiea emit their 
rays lof light in the Torm of ilivi^rg-ent pencils. If a luminous 
poiut {0, Fig, 4], "bu ut il curtain dJatauce from a rotijii-unt 



Pio.4. 




fiupfftce, AB {the pupil of the eye, e.ij.), any two divergent 
.rays form some angle, as AOB, with each other; if the 
luminoug point {■>) he further off, the anglo, as AoB, will he 
loss; if still further off, the angle, as AtuB, atill les3; and so 
■on. This fact is otvioiis to the eye from a mere inapection of 
Tig. 4; but it is alao geometrically demonstrablo (Euclid i., 21). 
J'ollowing up the same rea*omng^, if wo sappoao tho luminoua 
■point infinitely far oS, any two proximato rays- will form no 
angle at all with one another— will be, in a wotA, j.mrallel, it 
being in all cases understood that the surface on which the 
rays of light impinge is of hmitud extent ia conipari sou with 
its distance from the luminous point. Thus, if a. candle flamo 
is, say, twenty feet from ua, tho rays of hght from each 
luminous point which strike the area of tho pupil of the eye 
form practically parallel pencils, and a foril<nv, in ascending 
progression, those which strike the pupil from a lighthouBO, 
from the suuj from th.e fixed stars. But if tho recipiont Bur- 
face on which the rays of light from a candle flamo fall be. 
Bay, a large target, from the lighthouse a large extent of tho 
ocean, from the sun the earth, frMani the fixed stars the entirety 
of space, we may, in the first two instances certainly, in the 
two latter not unreasonably, assume that tho pencils of raya 
gj'a of a divergent character in regard to the magnitude of the 
surfaces on which they fall. Strictly speaking, then, no such 
rays as parallel raya exist in nstore} but for the recipient 
fiuriacoa we shall have to deal with, our 6ye&, lenses, reflectoi'S, 
&c., we may practically regard all raya of Ught which proceed 
from near objects iis divergent, thoso from distaut ones as 



OPTICAL COSSITIEHATIOKS. 



paraUol, whilst convergent rays are not to be found in nahire 
at all, bat may be produced bj certain optical means, of which 
we slmll soon como to speak. 

Wtat evidence have vrts of nil the above assumptions ? 
Their truth is inferred from the fact tliat moat opticsil 
phBDomeua are only dodwcible from auch assumptions, and 
that the laws of optics htnce doduued have not only led, 
by a chain of inferenceSj to the explanation of moro com- 
plex phenomena, but have served as the landmarks to the 
inveatigation of, up to the time, unknown fields of discovery in 
optical science. Two dill'erent theories have been advanced 
of the more intimate nature of hght. The Newtonian (cor|>us- 
cular) conceives each luminous point to be constantly giving 
ofi' a succeasion of lomioous corpnaclo&, which follow each. 
other in uninterrapted succeasion on an imaginary axis, like 
a string of beads coursing along a rigid thread. The uudn- 
latory theory, on tlie other hand, considers eppjce a,a pervaded 
by a subtle gasoons fluid or ether ; that luimuous bodies have 
the power of coraniimicating to this ether a wave-motion, 
which affects the retina, jnat as the undulations of the atmo- 
Ephere &om vibrating bodies affect tbo auditory norve, or, to 
take a ruder simile, as the waves of the ocoan impart their 
movemouts to the veaaol that i-ides on tht-m. The uudnlatory 
theory is of far wider significance, however, than its mora 
physiological application. Sir John Hcrschel, speaking of it, 
says, "It is a theory which, if not founded in naturo, is cer- 
tiuidy one of the happiest fictions that the genius of man baa 
yet invented to group together natural phenomena, as well aa 
the moat fortunate in tho support it has received from all 
elaaaca of new phenomena, which at their discovery Eoemed in 
irreconcileable opposition to it. It ia, iu fact, in all its appli- 
cations and details, one succession of feUa'Hon, inasmuch that 
we may ahnoat be indncod to eay, ' If it ho not true, it deserves 

to be/" 

"We shall now proceed to the, for oiu- purpose, moat essen- 
tial part of tho aubjoct — -viz., to the consideration of the 
properties of optical lenses. 

The double-convex lens is represented in section in Fig. &. 
b is formed by tho appoeition of segmi-uts of two sphoi-es. 
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With the centre and radius B, describe the circle O BP, 
and with the centre c and radius c r, describe the circle c rj> ; 
the part A B, common to both circles, represents the vertical 
flection of a double-convex lens. c are the centres of curva- 



Fio. 6. 




0, 0= o«ntn* of eamitatr 
JB,e r, = ndii of Durratim 
Oif priosipBl uii 
A B=dimmeteT 

0= optic aentre 
8at=BKi»ndu7*zi> 



of tha laoi A B. 



tore } OB, cr radii of curvature of the lens. A line G c, drawn 
throngh the two centres, is called the principal axis ; the line 
A B, perpendicular to the axis, the diameter ; the centre of 
this line O the optic'Centre of the lena; whilst lines passing 
tiirongh 0, as >? 08, are secondary axes of the lens. 

Fio. 6. 




In the convex lenses in general use for spectacles, the radii 
of curvature of the two surfaces are equal. We then have a 
double equi<conves lens {AB, Fig. 6). 
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ParaUel rays {■!,. e., as I have before mentioned, such ns ema- 
nate from latninous objects at a distance from the lens; prac. 
tically, I flnil exjjtiri mentally that for a lens of about an inch 
aud a-half diiimctor, this distauco is unytbing bcycmd lone 
feet) entering one surface of the lens, are found, on tlieir tacit 
from tlie second Burface, to liave converged fco a point at a. 
fixed determinate distance from tbe Ions. 

This point J<' (Fig. 7) is the focuB of parallel rays — the 

Pw. 7. 




SW. 7.— PX=prinoii«lfoe»l leoRlli, in bh eqni*oiivei fil»» lent cqnsJi tbc rndiiu 

jinnnpal focus of tbo lens, or, briefly, the focus of the lens. 
ITie distance of this point from the contiguous surface (strictly 
Bpeaking, from the optic centre) of tho lens, FA, is the p'riH- 
cipai fcirirl lenijth of the lecSj op briefly, iWe focal length of tliii 
lens. ITiia, in the case of an equi-convex glasjs leus, equals 
the radiua of curvature. Thus we speak of coavex lenaes of 
2, 3, 5, S, &c:., inches fueal length, or, as they are commonly 
tormed, 2-inch, 3-uicb, 5.inch, S-inch, &.c., convos lenses — 
moaning thereby that such lenses have the property of oou- 
vurging parallel rays to a focus, uniting them to a point, at 
distancea from the Waea of 2, S, 5, 8 inches respectively.* 
To make a practit-al application of our knowledge: — A person 
comes to you with a paii" of convex glaeacp., but ho has forgotten 
their focal length, ami you wish to find tins out; till you havB 
to do in to aoe sit wliu.t distauce the image of any distant 
object (sni'h as of objecta in the street, of the sun, &c.) is 
formed most distinctly on a sheet of paper. Measure the 

• X etroiitjly rcnDiumiaid aU iwrsoiia who wiaH tTioroiighly to imrU-rstnud 
the tiubjiH:t uf Uioae Icctui'esi to actually perfonu lbeDi«elvefl all tbe cxperl- 
monts which niv ndiiiicoij. A sf-t of tml len^s, luid a few ataudu to hold 
Ibtai, Sm., couatitutc tiU Uio upporalus roijvuTed. 
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diataace of the Ions from tte image, and you at once bavo fcho 
required inftiriaation. 

Vice vcrsii; rays of light wliicb diverj^o fi-ciiii a point JV 
(fig. S), siluate at the focal length of the leiifl, isuuo from 

the other side in n 
'^' ■ state of paraUelism. 

^ Maii;y lij^ht-koiisu lan- 

_^ terns are construtted 

ou thia principle, the 
^ light lieiug placed at 
~^~ ^ the focus of a conTex 

lens.* 

It is neceesary to the right understanding of what follows, 
to here mention a well-known property of convex leases. 
If an object bu placed bebiiid a convex lena at a losa 
distance than its focal lenyth, an erect magnified imago of 
the object is perceived by an eye placed in front of the lens. 
Now, the shorter tho focal length of the lena, the greater its 
magniiying power — e.(),, a. 2-incb Icaa magnifies more than 
a 4-inch lena. In reference to their respective magnifying 
powers, then, we should he wrong in designating the first lens 
as 2, the second as 4, which wonld imply the second were 
"stronger-" thao the first; but the more correct expression 
la to call the first lens a i, the second a |, the latter frantioa 
being less than the former. This nomenclature is strictly 
true, if we underatajid by the word " power " of a lens ita 
doflectiDg powor on the rays of light that strike it; bo thiit, 
e.(j., a Ions of -^ is one that unites pa.riiUel rays to a focua 
at a distance of twelve inches from ita aiirfaco, a lens of ^ one 
that unites them at twenty-four iachesj »ud so forth. [Vide 
note to p. 15.] 

Designating, then, in this way convex lenses by fractions, 



* I uiBy liere call attention to the fact, that, in the French trirJ- 
Ivmcn, tlio focal lengths ore given in Pari« itiuhes, whereon English o|)ticiii.na 
U'lve tlieivB iu Eiigliuli inclies. 12 Euglisli inches = ubout llj Pitris inrh™ ; 
tH> thill, e. g., if we finil a pjitiwit rdiuin-s h 22j-inch yliiss of Uie French 
tlml-glafig"*, we should order tiiii n, 2-Hncli Eiifjlish yhiaa. Li the d-riiiim 
iriul-kiisis) (Piwtii & tliihr'n) llie Priusiiui iiitli ia aJupled, wliicli differs but 
bli^tlj' fi-uui lliv Eii^lmh incb. 
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of whicli the nnmeratora are 1, and the deaoiuinators the 
focal lengths of the Icttses, let me aaiiounce to you a moat 
important proposition : tho optical eflL'ct of d, combination 
of lenses in contact, both as regai-da its power aud aa 
regards tho diBtance at which parallel raja impiTig;iiig on 
the fii'at lens ai'o brought to a focus hy the combination of 
lensos, is always given by adding the Beveral friictious, which 
express their respectivo powers, tog-other. The resultant 
fraction ropr^eseuta the powor of the single lena, which is 
optically equivalent to the whole sot. Thaa, BiippoBe we wiah 
to know the focal length of tho combination of an 8-inch and 
of a 5-inch convex lens, placed together, we have, J + ^^ = ^ 
nearly. Tho equivalent single lena is a 3-ijich lens. Parallel 
rays impijigiiiig on such a combination, will be focusaod at a 
distance of three inches.* 

We have now considered the optical effect of a convex lena 
on parallel rays, such as eTnanate from objects at any distanco 
greater than four fcot from the lens. But suppose tho object 
situiitc at any less distance, but greater than the principal 
focal length, from the lens, then the rays of light which pro- 
ceed from each laminoaa point are no longer parallel, but 
divergent. It -will now bo found the Ions still retains its 
power of re-uniting the rays to a point — of focussing them. 
But the focus IB now furtLer off the lens than the principal 
focuS. I thini I may explain this leanlfc by a vtiry eimpio 
demonstration. Take the case, e.ij., of a G-inch convex lens. 
Such a leus unites parallel raya to a focus at six inches. 
Suppose, however, the i-aya of Hght, instead of being parallel 
to, diverge from, a laminoas point, say, twenty inches distant 
from tho Lens, then, as I have before said, they would, after 
passing through a 2D-inch lens, issue parallel. Now, a 6-iiich 
lena may (according to tho proposition before announced) bo 
considered as eq^uivalent to the comhination of a 20-inch leas 
aud a 9-inch lona; for -5=5tj + b (nearly), So that we may 
assume that that part of the 6-inch lens which is equivalent 
to a SO-inch Ions has been employed in converting tho raya 

• If any «f tio lenses are concave onee, their jKtwcia muat be subtracted. 
If the rcatiltfint frnfition is negdtirc, this indicatca that tho entire comTjiiiution 
in cijiiivaleat to a concave leas. 



10 



OPTICAL DBFECTS OF THE BTB. 



diverging twenty inches from its surfaco into piiriillol onea ; 
these then strike that rema,imng part of the 6-inch Icbb which 
13 eqiuvak-ut to the 9-inch lens, and are, thercforo, brought 
to a focue at nine inchos ipom this latter. So that the final 
result ia, tiiat rays diverging from a luminous point twenty 
ioc^hes from a 6-inch coavex leoB oro brought to a focus at a 
distanoe oi'mno inches from its suHace,* 

Fig. 9 iUustratea the presumed theory graphically : — 

Fia.O. 




2'=a lumijiouB poiDt, ivraly LDohrs (Vcni 3. 



As the luminous point approaches nearer and n&arer to the 
lens, tho focuB of the emergent raya moves fui-thoi- and further 
oil', tiU, as r have hefore said, ^vhen tha liimiuoua point amves 
at tha principal focus of tha Ions, the eaiergont rstys are not 
united to a focus at all, but issue paraile! to one another. 

Wb are now prepared to undurstaud how n convex lena 
poasGSSoa the power of forming an image of an object placed 
in front of it. Aa I have before explained, every object in 
nature may Le considered as compoaod of an iufiiiite number 
of points, qither in themselves luminouB or rendered ao by 



* We may hence deduce the practical rale ; To find the iocna of raj» 
dirof^lig froHi any given Llistjiiict' fiom a convex lens of luidwii focal lenjrtli, 
subtmat from the power of the leu» the frautiou whoao nvmii:mtt)r is unity, 
and whose denomiiiftlur is the ilishiiice of tho object from the lens ; tlio 
resulting firaction rcduccil to n fjiictioD whose iiiuiionitor is miity gives Id !u 
denominator the distance from the lens to which tie niys will he eouvi-i-ged 
to a focus liy tho lens. Mj- frjPEil Dr. Oiniiid-Teulon, of Pnris, has baaeil an 
ingeiiiouB view of the action of lenses ^jenorolly on the theoiy in tho text. 
This thouiy lio, I know not how fiir oorri-ttly, hofl nscrilxid tho origlimfioa of 
to myaelf O'ide Amuila iTOmiiMliv'^, Touif LU,, p, 261>. 



reflected light, every such luminona point emitting a pEmci3 of 
rajSj either divergent or purallel, according to the distauce of 
the object from the surface oti which the rays fall. If tho 
rftjs of any one pencil aro loado to ag-ain convei-ffe, the 
luminona point fi'bni which they in the first instance emanated 
is, 80 to say, again reproduced at their point of union (focus). 
In this way, each luininoua point of the object having its 
optical representative, an "image" of the object is formed. 
We understand, then, by tho term "image" of an object, its 
optical reprodnction. An object has certain physical pro- 
perties: its extension ia apaee, itB power of affecting our 
sense of touch. It may possess heatiug or electrical attributes, 
and, as a. rulo, aJwaya lias an optical existence. Certain 
bodies, however, suoli as some gases, having neither any inhe- 
rent nor acquired luminosity, may be said to have no optical 
existence; at any rate, as far as our mDana of ascertaining any 
Buch existence extend, although they may have certain ciptical 
properties, such as the power of refracting or polariKliig tha 
light omitted fi'om other bodies. If you i-egard yourself in & 
looking- gkes, yon eee yourself optically reproduced, but nob 
in any other sense; your image conveys to you no direcii 
information of any other physical properties you may possess; 
yon cannot, hence, directly infer whetlier your flesh is hard or 
aoft, whetlier your body feels hot or cold, whether yon are in 
any particular electrical state, &c. Your image in the glaea 
is yom- optical reproduction, and notliiug more. 

If in a plate of metal a minute apertnro is drillod, and oa 
one Bide of the plate an object (tho flame of a candle) be 
placed, whilst on the other side is a sheet of paper, an 
inverted image of the flame will be observed on the paper. 
To understand this result, wc muat premise that light 
travels only in straight hues. Look at the sky through a 
flexible tube ; bend the tube, and the aky will no longer 
be perceived. 

Let A B (Pig. 10) bo an object from every point of which a 
pencil of divergent (or parallel, as the case may be) raya pro- 
ceeds (only those which proceed from the top and bottom of 
the object are reproscated in tho figure), t*P a plate of metal 
poi'forated at its centre 0, bo at* to admit of but a smglo ray 
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of light paBsiJig IhTOiigli it, S S' a slieet of paper. A eing'le 
ray, OB A A auil li If, from each point of the oljject will Btriko 



Fig. 10. 




Fio. 11. 



tho paper, and hence, being reflected to tha eye, E, of an 
obeeirerj a, distinct mverted image, BA, of the object will be 

porcoived. It will he romivrliecl, 
that the inversion of the image 
is caused by the fact that raja 

of hpLt only trarel in straight 
lines,* A simple inspection of 
tho fignro shows that if tha 
sheet of paper is as far behind 
the aperture in the plate as 
the object is in fivsnt of it, 
the image {U A) will ho equal 
in size to tho object ; if clost;r, 
less (/J") i if further ofl', greater 
{b a). Ah of all the raya that 
diverge fi'om each luminous point 
of the object only one of each 
pencil atrikca tho paper (the rest 
being cut off by the opaque plate of metal), it follows thnt tho 

* In Bnch ail clomeiitary eiipoBil^Oii as the aiboTO, 1 igaoto the iiidoxion of 
light. 
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image will bo greatly iuferior in brightness to the object. If 
we, aa in Fig. 11, increase the aporture in tho plntp, more mya 
of the pencils from each point of the object &rB. received 
on the paper, bat each point of the object is no longer 
represented by a point, but by a circle (the section of each 
conical pencil of riiys) on the paper : these circles (" circles of 
diffusion ") from coutignous pointa neceaaariiy overlap ; hence 
the image is no longer a faithful optical represontation of the 
object, bnt appears hlnrred and indistinct.* In other words, 
we hare lost in definition what we have gninod in bi-ightnoss 
by the enlargement of the aperture in the plate. Suppose we 
now, in the enlarged aperture C C-, placo a donble convex lens, 




then tho rays of each divergent pencil, from every luminoua 
point of the object, will be reunited by the power of tlie lens 
into a corrcBponding Inminooa point ia tho imago, and wo 
shall obtain (Fig. 12J all the advantages of distinctneas of 

* In the case of imperfect iiccouiniodiilion of the eye, the "circles of dif- 
fusion." on tlic retinre (jilie tlio foriu of tho pupil. I lnvvo found a piece of 
coorao calico affords ii ready method of studying Uiese drcics. Tlic inter- 
BlioEs bctwDuri tlie threndB appear on imperfect flCMnunodation aa multitudtiB 
of Dverlapplng drcles, nhich vnry la size, iUumiaalion, &c., with the size ot 
the pupil, with the ivddittoQ af convex or concnve lenses, Sic 
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definition comblnod witTi a duo degree of Inminosifcy in 
the image. An eye in front of tliG paper will porccivo an 
inverted imago of tlio object bj retlccted light ; if an aperture 
te made in tlie paper, an eye placed behind the aperture will 
see an inverted imago of the object, suspended, as it were, in 
tlie air (an ■" aiii-ial image "), formed by the rays of the con- 
vergent pencils which produce the image, diverging ngaJn 
after their reunion. II' the object be ot a considerable diafcance 
from tbo convex lens, of couraa the image ■mil he formed at 
its principal focal length; after the object is about four feet 
from the lens, as it approaches neiirerj so the image recedes, 
and at the same time becomes larger; when it is at the 
principal focua, no image at all is formed; a circle of diffused 
light, in the case of a flame, the size of the lens, ia alone 
visible). A little reflection shows tkeee facts to be an 
immediate conBeqnencc of what has been already said 
regarding the foci of convex lenses, and the optical effects 
of a minute aperture. 

I now wish to direct your attention to some phenomena 
which are tho diroot coossqueoces of what has preceded, and 
which are of groat importance in the physiology and patliology 
of tlic optical apparatus of tho eye. 

If wo place a candle-flame at a considerable distance from 
an 8-inch lens, a screen placed eight inches behind this latter 
will exhibit a distinct inverted image of the flame ; if we now 
bring the flame closer to the lens, say, to fourteen inches from 
it, this approximation of the object is accompanied by a 
con'esponding recession of the image;* if the srreirn sIHl 
j'cmains at 8", only an indistinct, blurred, quasi image of tho 
flame will be seen ; but by placing a 14.-inch lens next to the 
8-inch ono, we re-obtain a perfectly distinct (larger) image of 
the flame on tho screen. The mtionatr of this is very simple ; 
tho 14-inc-h Ions has the effect of rendering paraJlel the raya 
which diverge from each luminous point uf the object fourteen 
inches in front of it; theso parallel raya impinging on tho 
8-inch lens are then focussed at eight inches — the original 

* In duA, the rlUtnncc beliind the leiis at wLtch a distioot iina;^ of ilie 
flame U fi)mic<l \n W, so tliut llic ncreen itiiiKt WiuoTcd clfToti inchca t^irthcr 
ba«k for the o(iMCTva.t.ii)ii of a daliuct image, 
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position of the screen. Of course, for the two (l-i- and 8-racli) 
lensea we may substitute a single S-inchono; for -^+^=\ 

(nearly). As we shall see further on, this is pi-eciacly what 
oceiira in the humoji eye, in tho act of accotanjodation for 
near objocta. 

The converse experiment is. important in the theory of 
myopia. The flame being at a coueiderablc tli&tanca off, and 
tho screen being at eight inches from the 8-iiich lena, substi- 
tute for this latter a 5-iiich one : no distinct image of the fln-me 
then appears on the screen. Now place a 14-inch concave 
lens next to the 8-inch conrex one, and a distinct imago on 
the screen ia at once producod. After what has jireceded, the 
eqaation, J — ^=^ (nearly), eufficiently explains the above 
rosnlt. 

In all the cases we have been hitherto considering, the rajs 
of b'ght which converge to form the image actually meet, and 
may be received on a screen; or, if we remove this latter, the 
aerial imago may, by a little attention, be seen auspeniled in 
tho air, as it were — to bo an " aerial image," as it is termed. 
But aa Boon ns the object approaehes the lens to ft distance 
anything loss than the pi-incipal focal length of this latter, a 
romarhahle change ensues; tho image all at once transplants 
itself to fho same side as tho object, and siinnltaneoufily 
bocomOH erect and magnified.* (Before, it was on tlio contrary 
aide of the lena to the object, and inverted.) This image, 

■* A convex lens naed na a. rnnj^ifier, in tlie sensB referre'i to ill the tpst, 
is simply an nrlifitial iiddit.ion to our acTOinrnmialion, wliii'li ciiiililifs u* to 
view thip iilijp'ct <irn!f r a uniitcr u-ngl'* thuii wl- olhcrivise tuiili! do. Tliiw, 
in coiiilibiiitiou wiili il nientd reference of the inuige to n. fiirtiier plane of 
projctliiou l.iiiti) tlie otjjecl itielf renlly occupies, eiplaina iJie " uiagjiifyiiig 
pgwiT" of the lais. The word "power" has been uacd rather looBcly bi 
optieul aciiwcA In the test wo have mod it in the sense of inagnifijing 
puwer (M). This M iippciLfs to depend on (I) tho focal length ef the lens, 
(2) tile shite of refraction and aoijoraiiioiliition anrl aoiit*ness of vision of 
thp eye, (3) on a fiirnnUa given by Pnrkinson nt. p. 1T9 of his Trc^iitLso on 
Optics, At p. ^9 of this fame work, tho word "power" of al«M is arhi- 
trarily tlpfiitcd as the rpeiprocid of ita focal lorgth. Qirfliid-Tenlun hna very 
lucidly cxplnined (ia tlie AiinakJS4.VQoi,litiiqaf.foTJul\; 1804) Uiat the word 
" power" miiwt, in tho latter case, be talton to ccpreaont tho oftn- or di-vergitig 
power of a Iciib on mjB of light, In liia aenHe the power of a lens ia atrictly 
inv«ncly praportionid to itfe focui lentil. 
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however, cannot be received on a screen. It is not, as in 
the case of the inverted image, a real, but only an imagiTia/ry 
(virtoal) one; or, if I were to designate the real image 
as a physical, I should call the imaginaiy a physiological 
one. 

If this course were one of pure optics, I should now bring 
before you the subject of concave lenses ; bat as these find 
their application in myopia, I shall defer speaking of them 
till I come to that part of our subject. 



VBYSIOLOaiCAL OiTICS. 



CHAPTER 11. 



PHYSIO logic: A l OPTICS. 



I 



rilHE human cyolwill is, from before backwards, about ^ of 
■^ an English iiieb.* In it exists a systcra of eonvi'x Ioiibbb 
composed of the aqueous cbainbetSj thci crjatallint) Ions, and 
the vitreous biimour. ThoHS lenses diflor, inter ulitr, from the 
glass ouea we liave hitherto been sjixjakiiig of, ia boingf soft, 
and thns capable of being modified iu thoii- degi-ees of curva- 
ture — in Iboir fecal lengths t — l*y certain muscles. Wli^n 
WQ regnrd a diataut object, these muscles are in a state of 
relaxation, or, at any rate, of tonic eon traction. The eyo is 
then &aid to be iu a " state of rest ; " ita lenses preserve one 
fixed cnrviiture. The three lenses of the eye we may, for all 
practical purposes, consider as equivalent to a single 1-inch 
glass convex lens (more accurately to one of ^ inch). The 
cryatalliue, Monro statea to have a focal length of ^ inch. 
When the eye is in a state of rest, the image ofadJstant objecfc 
is formed exactly on the retina, and may thore be seen. J Tha 
retina thus closely resembles the screen of our proviona optical 
exporiments, or the ground glass of an ordinary camera ob- 
8001*3;^ the curved aiu-faoe of tho retina ia however much better 



* Profiaasor Ed. J^gsr found the avonige length of Ae taia of ei^ty adult 
eyes to be 24-'i millimetres ; tJiat af Ht^enty eysi of new-bom iniiintfi ta h% 
17'5H millimetrosi. 

tBiith ill convex and. oonaive lenses it may lie afiBertod, t^nerally, thiit the 
uliorlJ'r tlici riwliiia of cvwvittiiri* (nr the grcntef Uie decree of curvatUTo), tho 
Bliotlvr till- foail lEi^rtli of tho teiia (or the gneuter its jjower). 

I If we carefully cut away the sclerotic in the sheep's eye, a distinct in- 
vtrtcd iindgo of imy itsiwil tibject may be wca to be formed on the retiiiu. 
Thp eye of an albino rabbit shows the sorae thing without any fiirtbcr 
pre pii ration. 

§ John Baptista Porta, the inventorof the camera obscure, in his"MaBia 
NiitiinJin" (IS(lii), thought thitt l.hc pupil played thojmrl. of tliL- tniniitc! (tpi-r- 
tuit in hli lyiiiiern, iiiul that (Ik- latystalliiie lens waa the recipieut surracc of 
tlio itaage. It wttn i-cdcivod for Kejilet, forty years Inter, to ptovo the true 
fiincUonb uf tlie Icinca vt the i-ye. 
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adapted to recoivo an aocinrato image than the flat sarface of 
the ground glaaa of the camera is. 

IIow it J8 that the purely physical image thus forme<3, trans- 
lated to tiiB mind [senaoj-iwi), through the medium of the 
optic neive, produces to as an accurate idea of the oliject 
itself, as regards position, size, form, colour, &c., is more than 
WG at present know, any more than how the dilTerfint vnbra- 
tioDfi iinprosaod on the auditory apparatus convoy to the mind 
the various ideas of musical aud other souuds,* But, at the 
same time, it is most important to boor in mind the mental 
(psychical, nervona) natui-e of vision — ita partly subjective, as 
contrasted with ita partly oljjoctivo chnroetor ; f othomriae, 
we might often be misled into ascribing defects of vision 
either to optica! or organic causes, which depended rather on 
aome perversion of tho sentient apparatus. Nevertheless^ it 
is Tenaarhablehow perfectly the purely optical functions of tho 
eye muat bo exercised before vision can be accurate. For tho 
distinct perception of objects their images must fall exactly oit. 
the retina. If a norma,l eye he in a state of rest, the images 
of ail diitimt objects fulfil this condition, and vision is perfect. 
Suppose, now, the eye> with its lemea still remaining in this 
state of otpiilibnuni, be directed to a near object, the imago 
would bo formed behind tho retina. I say " would be," be- 
cause, in reahty, the retiua having no power of locomotion 

* In PitrUirlieUl's qii«.int lan^iage, " Tfitt CoitneeiMri hetti^ixt otw /ilnu OKct 
Oit, Moiwrii acUtd in t)uL EL-tina., f>j>(ic JVVrua, awl SenKoriiim, u wnknoimi, to 
tu, (ttui eeems ic dijietid vnHrdy on. ilie H'Ul of God," — (IL xvill.) 

t Miiny fncte illiiNlmte Hie siibjut-.tivL-tuilurc of vision. Urtauis in sighted 
penO'DB, and still niun.' Ibroibly in the blind, prove tbi' sltiiui! of tliii niim! in 
tho Mt. 'Iliis, SQ to say, meuiory of viitiou occurs to uh awAke or aal^p. 
From fiuvenil inquiries which I hfive nnulc lUiioagst tbc Ijlbil, I fiiiilUi«t 
Ujfir a ubjedUvn visioa ia aa vivid aa in tlio sighted, Ijut tliut ]ierBi>lii( bom 
blinil iLTG destitute of anysudi. so lo say, '■ second" sight. Howewr. as I am 
only now coiW-tIng speeific iofonnntiou ou tliis interesting subject, I dcfec 
afcying aoyibing more on it at prosent. In this pohit of vi«w I might fh.nd- 
fully any that events are written on tho tiibleta of the mind, jia it were, with 
a sjmpiithelii; ink, which requires but the aBsociiitioii of idms — the fire— to 
hririji out tW churitttera. Ocnbir spectra Ivi'lc Durwin in the Philotopltieal 
TrajuitutidM, \ol Ixxvi. p. 33, i^ w*;., and a jiivpcr by the author in the 
Oliuffmo Medical Journal for July 1, I8G1) are fiirtber iUustmtioiM of 
subjective vision. 
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backwards, only an iudiatiact (jaaei-imago is formed ou ib 
by tho circlaa of diffusion, aa I havo beforo fully expIainioJ in 
the case of a convex lena. The retina remaining Btationary, 
an increase of curvature — power — of tho cryataltino would, aa 
you can, from what I have before eald(j>. 11), now remlily uncler- 
fitaDil, bring the image back on to the retina ; and this ia, in 
fact, procisoly what occurs in the human eye. Tho imagtis of 
near objects aro brought back on to the retina by the crystal- 
line lens becoming more conves. This waa first partially 
proved by Young, much more completely so by Max, Lan^eii- 
hecfc, in 1 849, by observiug the chaiig-es in size of Piirkinje's 
images, and fully confirmed in the aame way by Cramor by hia 
phakoidoscopo. With thia inatramont the imagpa of a tapor- 
flame prodneed by reflection from tho anterior and posterior 
Borfacas of the crystalline lena are aeen to increase in siae 
and in their diatanco apart, or the reverse, according as the 
observed eyo is directed to a distant or to a near object 
respectively. The corneal image, on the contrary, nndergoea 
no chongo whatever, cither in size or position, This change 
in the convexity of the crystalline tens ia what is known aa 

Pia.13. 
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the "power of acconimodfltion or adjnstment" of tho eye; 
or, aa I ehall in future term it, simply tho " accommodation " 
of the eye. It is of great importance that you should con- 
aider this accommodation aa a quantity — as a t»npiit.vdc, in a 
word — suBceptiblo of increase or diminution. This will be- 
come clear from an example. If, from having seen a distant 
object distinctly, I all at onco transfer the eye t<!i an object, 
say six inchos off, and find 1 aoo U distinctly, it is then evident 

c a 
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(from oui- previwus purely optical con&iderntions, p. 11,) that, 
the i-etina being' posaossod of no locomotive powor backwards, 
tliB lenticular system of the eyo must have incraasfd in power. 
It Las, ill fact, increased by a quantity equivnleat to a G-incIi 
glues convex lens. If we suppose th.0 crystalline lens un- 
changeable in its power. Fig. 13 wUl roprBsent the eye 
adapted for paralleil vnys (from the distant objcL-t), Fig. 14 tlic 
same eyct plus a O-iiujli glass cinvox Ions plitcoil before it, Tlie 
«Sect of this latter ia to convert the divergent rays (from 
the near object) into parallel ones, and tkcse, then, will be 
fooussetl, aa bcfoi'o, by the natural li-'nticiilar system of tlie 
eye. J h&ve in tho diagrams represented this procees as if the 
additional glnsH lens were in front of the eye; really, it is aa 
if aupei-inipoaod on thu anterior Burliuio of Iho crystal! inc. 
JKow we fmd in jiractioe that the proximity up to which dif- 
ferent pyes can. accommodate thomsolvea varies greatly in 
difibrenb iadividuabi and at different ages, und eren in the 
two eyo8 of the same individual. One persoa may. read a 
given type aa pIohq aa throe iuchea, whilst another may not 
be able to read tho saiiie type closer than thirty inches. In 

Fia. 14. 
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i?f CJDcli E^u* con*ri Leu. 



Other worda, whilst the former person possossca the power 
of increasing the convexity of hia crystalline by a quantity 
etjuivalent to a 3-incb glass lens, the second cannot increase 
4t» convexity greater than by a quantity equivalont to a 
itO-inch glass lona. Wo then say that the accotnniodativo 
power of tho first person is to that of the aocond as i is to j^, 
or as 1 is to 1 ; in other language, " tho accommodation of 
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tho firat eqnaU ^, that of the eecontl equals ^.'* The 
ima^'uaiy passive state ftf tho crystftllin(> wtich w6 Itave, 
for the sake of illustration, df^picted in Figs, 13 and 11, is 
actually now and then met with in praotito as the disease 
"pnralysis of ficcoTomoilation." This disease will bo fully 
treated of at Clinpfor VIU. of the present work. To illus- 
trate, however, what we are now discussing, 1 may say tJiat 
iu these caaos the patients caunot see near objeota diatiuctly, 
hat we may i-esfcoro thoir vision for thein pitcisely iu the 
manner doliueated in Fig. 14. Such a patient tu read at four 
inches requires a 4-inoh convex glass, to rend ut six inches a 
6-iiich one, to roaci at nine inches a 9-inch one ; and so forth 
I shwll hereafter fihow yon that yro in atropine possess nn 
agent capable of producing in-tificiallj this same pHralysis of 
accommodation.* 

When we, then, speak of a pei-son poasosslng e. jr., ^ accom- 
modation, we simply uiuan he has tho power of increasing tha 
touTOxity of his crystalline lens by a quantity cqaivaknit to a 
€-inch convex glass lens ; such a person can aee critically 
distinctly both objects at a distance and those which are six 
or more inches from tho eye, but ho cannot Keo ohjoct.H criti- 
cally diMtinctly nearer than six inches. A young healthy eye 
IB generadly endowed with jin accomiaodation of j for the two 
eyes used together, and say of ^ for either used alone. Aa an 
illustration of the nature of accommodation, I may meiitiou 
that after a person has brought an object {t, g. a fine print) 
83 close to tho eye as ho can possibly see it critically distinctly, 
he may see it equally distinctly still closer by the interpoaition 
of a convex lens — adding, in a word, an artificiitl amount of 
nccommodatiou to what tha eye intrinsically possesses. 

" This property of atifljuno Ima ^c^^n long kHown Iviik MiiJlur'e " Ftiysiolog, 
des <!eeicl)t-SifiiiC!<," p. 3W). Seven o!l!^<^s of belliiilaniiii jinwoning are reported 
by 1>. Lothuby in the /•ftnrmcwfuiwnJ Jmrrwl tvv 16+9, vol. i-p. 2ft. !>- 
Tlinmna Fnwfr hfla wwntly Ai^coTeiwl that the (Jalahar bwrn pnsspuses the 
ri'iiiftrkiiUi? jiuwur nt' <;i.>rilnn"tiiij; t.he ]iiipil. Since hia diacavery il liiis lioon 
kIkiwii by l>r. Atv>'lle, Rolitittsim, and othprs. tn pofwesw a simiiir power 
vvvt tlie oiliury niuitdr, luid of iJius projiu-ing im urtificiiil Bjiiusni ol' ;wci.'iiiiin>- 
ilatioii. For ji delailed account of the propertinK of Ihp Ciilalmr liesti. viile 
nu iiiiiilj»ii (if Von Orife's Jinper (in ihc niiith mliiuic uf the- A ri-Aift. f. 
Opiuh.) in the ninulii-r of the Oiihiliahiiic Revkw tot April, l(tl54 (p. 3(>). 
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How ia the amount of accommodation nicaaurod? In the 
case of a, normal or simply pretsbyopic cyo, by merely ascer- 
tainiug tho neiirtjst point ol' critically distinct vision, tho " near 
point/'* If the tieur point is e. ij., bix inches, Iho acoomniodfi- 
ticm, which we will designate hy I-,=i. 

The consideration, of auconamodtvtiou in myopic and hyper- 
metropic eyss Lad bettor be defearred till we come to treat of 
those diseases respectively. 

In what dooa the moclMivism of accommodation conalBt? 
The older obaorvors, as Tlios. Young, tliought the fibres of tho 
cpyetalline were niuecular, and hence named it the " miisciiliis 
cryatallinus," But Cramer and Helinholtz have galvaniKed 
tlie crystalline with but negatire regulta. Cramer thought the 
iria was the agent of accommodation. The image of a flfl.nie 
thrown on the hack of the vitreona he found rendered indis- 
tinct by sending a galvanic current across tho cornea ; this 
change did not occur after diviaion of tho iris. It is now^^ 
howevor, tho generally- received opinion that it is the ciliary 
muscle which is the eflective agent of accommodation. 
Porterfield distinctly states the muscular nature of the " liga- 
mentnm ciliare," and even goes so far as to compare it to 
other inTolnntary Dmscles. The anatomical reaearchoa of 
H. Jliiller, Van Keeken, and Kouget go to prove that tho 
ciliary muscle, like the Iria, is composed of two seta of fibres 
— ^in man of the nonBtriated, in birds of the striated variety, — 
a circular and a radiating. The circular fibres would by their 
oontraction increase the convexity of the crystalline ; tho 
radiating would net as their antagouieta in restoring the 
crystalline to its previous degree of cnrvatnre.t Has the iris 

* Similarly the fiirtbcat point of cnticaUy diatdnct viuon is l«nued Uie 
" llir point." 

t The proeiae modo by which tliis is effected is BtiU an object of discussion. 
Muinihunlt co-nsidiM^ " if tlie iris uad curpits cili»re, wlUi its pnicetiucs, are 
drawn luck, fl) a press lire is exercised on the vitreous body, wht3re it embraMW 
the aiirfiuces of ihc loua ; (3) tlio zonula, zinii !a nuule t«nao ..... the (Hitid 
in tlici uuiiil of I'etit 8ul>Jt'i;t*d to intreiwed iircssiue, whicli is traiiamilted to 

tin? L'(ii.Luti>r of (lie li-Lis thv tension of tho KOiiula Midi jiwveiiits tho 

loa'< (idvuncing, but not tU tendciiLiy iKullcraii-Jii of furiii." CIlcmi:rkimg«u 
iibtT di'ii At»i>iiiiiiodatioa»-mnskel iiud die Acttjiiiiuiidiitioii, vuii Dr. J. 
Miuiidiiu^l, ill ibc Anhiv. f, OphUt., iv. i. p. Si;7.) Duckvr (Wivo, Med. 
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any eliore in accommodation? I think not. The erurlite 
anthop of the article " On the Optical Rolatinna of the Eye " 
(in the BriM-th avd Ftrmijn Medko-ChiruTgical Ri^-vifiw for 
Jnnuary, 1862) has said I have i'alleii into a miatako "by 
asserting it baa. Rdstricting the word " accommodatioii " to 
incroaBo of refractive powei' of the eye, the reviewer is right, 
liut I, in the paper he refera to,* used the word accommoda- 
tion in a wider sense — that of the means of attaining distinct 

JfHirh., 16G3, ii. 159; 1864, i. 3) has anivfid aX the foUowing (K)ncIiiEtonB 
from ol):servaticpn8 on four ulljinotic patieiita, in whuui i\k iris was »o trans- 
patent that tljG pnrta lieJiind It could bo oliservtd : — 1. Al pvcfy ngo the tiliiuj 
|u-ocesses are pLitwl to tho outer mid luiteriur side iif tbti ct\^ of the lena, 
2. Their aiw: vsiriea acconluig to tlio size of the puiiil : tlwy iiici'en*e when 
thiB dibit«BnD(l diniinigh wlieu it (xtntnicUi. This nppliis to the di{iiii£;i^a in 
thfi aiac of the pllpiL, both ill accoinitlodatifiD and iimler the action of iit.ropino 
orCiilabarbean. Wharton. Joncu bus obBorsed cnlflbw to contract th^ pupil 
in n.n i.ixtirpat«d I'ye, and an Increase in width of the spiioo hotwoeii tlu) 
filiary bo^ly and tlie iiimijn of tho leiia. 3. As the ciliary procesBes ealni^ 
during dilatiition of the pupil, they \ms fui'wards and inwnrds into Iho 
BO-wJIccl jMialffior chamber, bctwepB tho periphoiy of the iris and the onterioT 
surface of the lens, but do not Iiouch this structure, It follows from the ahove, 
tliiit thecvlidiy proutssca ha.ve no diroct hillneiii'd m tho act of iiccoTimiodntion. 
(Vide fljilUhithnic Reficii: I'arl V., from which this snmmiuy from the pun itt 
Mr. Windsor is taken.) It ia reiDarLil»lo that our ciuiupnt Dr, Miwkeniio 
thirty ytiira iigf] arrivwl at tlio Bauiu oouchision. He says (_Loadon Meilica.1 
Gii^ltf, vol. siii, p. (i31, Janiiiiry, WM), " In soTno eyps iil't*'r death w* tiud 
tha pupil amaJl, and in othem wi> find it hirge. Now, iu those eyes in which 
wo find the pupil small or contiuvted, we find tlio cihiiry circle— that ia, tii« 
termitintiaii of the cUiiiiy proceaBos arouud tbo cry'stidline Itiw, (.•spuidod 
.... in those eyes in which the pupil after detith in Uane oi dilated, w« 
find the cilifury ctfnle ■contiad.ed." 

CzLTinuk hju noticed that if, after having In the daTlcR«conimodat*d for tho 
near point, he siidd-euly relaiud thU efFort, a fierj" ring of imialtltTuhli! siito 
niifieftri-d before hiin. This aifpeaciuico wub fiint obaeiTcd by Purkiuje, bvit 
can. aeoonling to Czermak, only I* seen l)y few peraons who poBsona grout 
acuaibility to such spectra, and have saffiuitut control ovec thvir ati.'<juiuio- 
dation. Me rvftarda it m an " accomtnodivtion phaqjhene," duu to " tension of 
tlic ninidft sinii and traction of the BurrouiidiDii; retinal I'ing," 

' Glnagoie Metlieal Jminaf. vol, viii. p. 268. IHfK". I hnve horo experi- 
iiifiilully pruned thnt a pin-hole (Ij confers diHtinctiiesa on olijecltn nenrer 
than the eye, yw se, wonhl be otherwise capable of acconiniodatin;; (ifv (I hiiv* 
■iiico found it nlsti correcla the disiupijuig inlluetloo on vision of both uouvei 
ajid concave luii.ses for near ur dlittunl objecto) ; {i) it incrcaees the uppanut 
inii|jnitudc of objects. 
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viaioa generally. This meaning; of fbe word accomraodation, 
however, I grant, tad bofcter be [ibaiidoned, limiting ita sig- 
nification to increase of convesitj of the crystaUine. That, 
however, the iris docs piny ftn important pa.rti in attaining 
distinctiiees of vision I have, in the paper rpferrod to, proved 
experimentally. You aU know the pupil contracts when wa 
TL'gard near objects j dilatca for distant ones. Can yoa fi>r a 
moment ima^inu such a constant occujTenoe to ho devoid of all 
meaning ? My theory is that the iris is an aimtlari/ organ 
for distinct vision — that the contraction of the papil is 
intended as a corroctive supplement to our accfitnnindation, 
properly so called, by diminishing any slight circlaB of 
diffusion in the retinal image that might possibly arise from 
inaccurate contraction of the cihary muscle. 

We meet with other such auxiliary agents in nature. No 
one doubts that we should be able to fool with the ends of the 
fingers without the innumerable papillfe with which they are 
beset ; but no one either doubts that these are powerful 
auxiliaries in extending the fineness and range of our tactile 
sensibility. I beg, however, to here distinctly state, the chief 
muscle of acoommodation is the ciliary, and that in our (iitiire 
studies we may almost disregard the auxiliary action of the 
irifl. The best evidence of this are those cases of absence of 
the iris — either congenita! op traumatic, in which accommo- 
dation remained nnimpaired. A simple and convincing proof 
of the purely supplementary sha.re of the iria in acuomjuoda- 
tion is, that if we place before the eye a thin plato of metal, or 
a card, perforated with an apprtnre equal to the minimum size 
of the natural pupil, wo still retain our power of distinct vision 
for distant or near objects, notwithstanding we have thus 
altogether ehminated the action of the pupil.* 

■• In the Ardiiv. f. Oj^lhalmolog-k, vo\. vii, pt, 2, p. 150, ProfeBBor von 
Griifo reliiLos a luwe in whit'li a ptirtiiii separation of tie iris having aori- 
(leutally ouciim-il in ntlenipting to remove ii. prolnpsus, he remove*! the 
entire iri*. Afterwards the patient reiid N«. 20 at 24 feet. No. I iit Sj 
inches, nn<] hiid nn act^ouimmlittinn of 1-5^, wIu[^ll olnsclf corTGBjicindod 
with the normal oniount of accoiuiiioclBtion of » pei^on of his age— vii., 
27 ;cikr«. A four-grain sn^lutiou of iitropiiie Lii cme Iioiir cwiiiiletcTy paralyBeJ 
oil ocuiiinniiKhitloii, iukI induced a feeble degiQe of lijtxrruictnxpin (of l-Cinth 
to l-70th). 



Le Cameus, Kokaidt, Scliroilor van der Kolk, and Arlt wero 
advocates for the power of tlio extringic muscles of the ejo, 
the recti, and obliqui, producing accommoilatiou by elongating 
tlie asia of tlie globe. Tliis liypotliGsis may now be all but 
disrogftrdod. Von Grafe {Arfhii'. f. OpJdh., ii.) obaorved 
the accoininodation undisturbed in paralyais of all tlio ocular 
mascles. 

'Die theory that the comoa changes its convexity is one of 
thoBG traditions that, devoid of all demonatrated tnith, haa 
still retttined its hold on sonio conservative minds. Ajiy such 
change of curvature haa been absointoly disproved by Helm- 
holtz's exact observations with bis ophthalmometer : this 
instrument would render apparent a change of ^i^ of tlio 
radius of curratore of the cornea, while an accoiumodation for 
five inches demands a change of upwards of J inch.* 

From what haa preceded you will naturally infer that after 
opei-ations for cataract all accommodation is lost. Without 
rcltTring- further to the erroneous opinions of Arlt, I may state 
that Dr. Young, at the com mcu cement of the present century, 
showed thut any qua»i aceommodtition remaining, was, in this 
instance, really due to the circles of diOiiaion being- dimin- 
ished bj the smalluesa of the aperture of Weion. In the paper 
in the Ghx-g^ow Joumnl (October, 1860, p. 272) is aaid : — " In 
tho majority of these eases the patients have been able to 
accommodate their vision to different distances by bringing 
the two eyelids into suck close apposition as to leave but a 

narrow hnear aperture between them If in anch cases 

the eyelids bo beld open, and the patients be told to look 
through a pin-hole in a card, the same effocts will enauo as 
from their own instinctive approximation of the eyehda." It 
is not uncommon to find caaos of donblo extraction in which 
in one eye a portion of opac|ne capsule with a bolo in it remains ; 
in such casoa the apparently worse eye often enjoys the heat 
.vision, on this same principle. Donders has distinctly proved, 

• JSotwitheton'ling the uliove etrotigly expr<»i>i.il opinion, I inn.y mention 
tluit -whil.Ht thoao shoots are going throtii;h the press, tboHQ of tho Kfth iiiitnh>er 
of the I iphihtilmic Kenino utk doiTif; «> iil.io, nnd thiit tln'ni: lutU'r uoiiliiiii ii 
}kii]]or, by Dr. lluiiry Lnwum, to pi'uva ibat the cornea it tU« agent of accoui' 
niotltttion. 
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what waa asserted a oentiiry back by Porterficlcl, tliat aftor 
tilt! opomtion for cataract not the slightest true accommodn- 
tioii cxista. 

Before quitting this part of cmr subject I must direct your 
attention to a point which you may find useful to remembor 
in a eiibsequcnt part of the course. 1 aliude to the relation 
which esista betweMsn the degree gf accommodation ajid th© 
directiona of the eyes. Speftking in genoral terms, aa imli- 
oated long ago by Porterfiehi* and J. Miiller.t when tho asea 
of tho oycballs converge to an object at an angle (the gi'eater 
in proportion to tho proximity of the objoct)j the crystwll inea 
necMsnanly become more convex by aa nutoinatic action of 
the ciliary muacle consentaneous vrith that of the intemaJ 
recti muscles ; and conversely when these nmecles are iMilaxed 
aad the axes of the eyoballB parallel, the two cihary inuaoles 
ai'e also at their miniiaam de^eo of coutrautiua. 



Binocular Vwlon. 

The pupils of the eyes aro about 2i" apart. If we direct oar 
eyea to a di8taiit object, the axes of the eyeballs arc practically 
parallel, and whether we uao each eye alone auccessively, or tlio 
two together, in all threic cases wo obtain bnt one and tlie sauio 
view of tho object. This may be well illustrated by performing 
tho experiment on any tolerably distant aharply-outlinod archi- 
tectural projection. Bnt if we regard anearobject,tlie two optic 
axes aro no longer parailul, but converge to the object at an 
angle largei' and larger in proportion to tho prorimity of the 
object. This angle is what ia termed tho binocular pnrallax : 
afc'l2 ft. it = 1°; at 18"=:S'', &c., and it varies slightly with 
the different intervals at which the eyes are set in difforGut 
individuals. A, giant would have & much larger binocular 

* " TliuB, whon vfi' vi(?w nny Object at two FppI. Dintonce, wc not only nwoni- 
Kodat* our Eyes to that Distance, bill, wo ulau tuove oar Eyps. so lui Uipip 
Alps pr'jfliic(?(l may nioet in aouio Point of the Objoct ; whciico it conica to 
pnaa, thiit iheee Motions, which .it £i-st bad no necessary Cuuijoctiau or 
Dnjitiiilriice on cw^b otlior, da tn iJnio coine to coliero au closely . . . . " 
— (Poru>rfit-l<rn " Trt'iiliaL? on tlie Eye," ii, p. K. Edinli., IjfiO.) 

t " PI(y»iolui!y of tilt KtiiBts," transluLed by BiJj, 1&48, p. IU5. 
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parallax tliau an ordinary person. The coUpgeqaonco is tbdt 
with cithor Gyo wg sec any ntiar objuet from respectively two 
ditforent points of view ; the difFeroncoa being propoi+ionata 
to the magnitado of the binocular parallax. If we thaa regard 
the friistmi] of a s-alid cone with tho right eye, we eeo more of 
its right siilo ; if witBi the left eye, more of its left side. 



Fio. 15. 



Fid. 16. 






two figares (Figs. 15, 16) represent the plane pfojec- 
tiouH of the two perspc'ctivcB, the leaser circles represonting the 
suimmts, the groater the hases of tho truncated cones ; the 
former eccentrically approsimntotl to each other. 



Fia. 17. 



FialS. 





Figs. 17, 18 ropreaent the plane projections of the 
frustum of a hollow eono. In these the positionB of tlis 
circles representing the summits are eccentrically separated 
from each other. 

If we proBont those two perspeotive drawings to their 
roBpoctive oyee separately, and then combine thorn by retiec- 
tora or prisnia, as in Wheatstone'B or BrewBter'a stereoscopOj 
we get mentally rept-odnced the solid or hollow cones from 
which they were delineated. 

These facts were known to Enclid more than two thousand 
years sinci'j iind quite clearly stated by an eminent member 
of our ])rofL:asion, Galon, one thousand five hundred ycoi'S 
ago. 



2S 
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It ia the monttil combination of lb o two difibront perapoctive- 
projections of the oliject formed on the retina that conveys to 
us the icioa of aoliity. A solid differa from a plan© in having 
u third dimension in space, which the plane has not. A 
Bquare has height nnd breadth; a cube a third dimensioD, 
thicknosH, Now we estimate this thickness, visually, by the 
di^tnnee oC tho Bevies of luminous pointfl foi-ming its extreme 
edgea. TTiig tlnrd dinie-nsion, distance, cannot be corroctly 
directly estimated by one eye alone, aa every one knows wheu 
be, e. (/., attcmptfi to snufl' a, candle with one vye shut ; bat open 
both eyes wnd the a^'tion becomes one of certainty and pre- 
cision. This is given by the muscular sense involved in tbo 
convergence of the eyebalLi by tho iiitennil rocti. In the name 
way as we, liy the degree of contraction of the flexor inusclea 
of tliB ana, judg^e of the weight of an ohjf.'cfcj do we, l)y tho 
degree of contraction of the internal reoti, judge of its dis- 
tance.* It would he interesting to sco, whether, in cases of 
insufficiency or paralysis of the internal rerti, the power of 
judging of distance were in any way loat. Do persons who 
squiut judg'e properly of distance ? 

A very singular application of this negative property of 
monocular vision is, that wo niay by closing ono eye obtain a 
certain atereoecopic efl'ect from a woll-oseouted single portniit. 
With both eyes wo at ouco ace tho whole porfci'aifc is on one 
and tbo aamo plane — is flat. With ono eye alone we are unable 
to so positively recognize this fact : the consequenco is that, 
if the geometrical perapectivp and the chiaroscuro be good, 
a considerable dcgi-ee of relief is imparted by what is really a, 
deficiency in our visual perception. Any one who has over 
regarded some of the i-epresontations of relief at Versailles, 
or, to take a humbler illaatration, some of tho very artistically 
painted roUevo letters over 6hop-fa9adcs, with one eye, must 
have been forcibly struck with this eflect. If you regard 



* An essential differeaco is, however, that whilst in the latter cahc tho 
contraetion of one aot of muselpa sufficK, in tlie latter those of hoth aidea 
tniiit b« callei! into iict.ion, nl any mt*, lo give n perfectly acciimte iiltin of 
ili«taiii!»?. If WG luiii only ono eye, wltJioinjit we iiiny m!r[idro ii eertuiri mii(;h 
iilCA of solidity— of relief— liy tlio ccriii|>ii.rison of n<ij(icetit ftbjui;!*, still this 
idea in vantly iaferior to that acquii'ed by the uty nf both ryes, 
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a cajris la visliv portrait witb one eye, and eapeoially with tho 
aid of a magnifying-glaas, you will see a certain amaimt of 
relief ini parted.* 

To obtain a perfect idea of solidity botb eyes mast converge 
to tlio object. Brewster, ignoring the duplication of our mus- 
cular sense in thia act, explaius it in fclie following manner : — 
" \Vc are now prepared to undeistaad generally, how in bino- 
cular vision we see tto difforonco lietween a picture and a 
statue, and between a real landseapo and its repreaentation. 
Wlien we look at a picture of wliich nearly ovory part 
is ut the same distance from tho eyes, the point of coa- 
Tergence of the optical (ucee is nearly at the same dis- 
tance from the eyes ; but when wo look at its original, 
whether it be a Kving man, a statue, or a landscape, the 
optical axoa are converged in rapid succession upon the nosoj 
the eyesi fcho ears, or upon olijects in the Foreground, the 
middle and the remote distances in the landscape, and tho 
relatire distances of all the^e pointy ii'om the eye ai-e instantly 
pereeived."t Yon will see from ihis thiifc Sir David Brewster 
conaidera tho eyes judge of distance, as the musclea of the arm 
are sometimeB used to judge of weight, when the pei-son 
alternately raising the hand up and down by repeating, so to 
say, tho weight of tho body, endeavours to form a more accu- 
rate idea. 

It appears to ma that this is a very gratuitona hypothe&is, 
and that all the phenomena of the stereoscope may be ade- 
quately and completely explained by tlie simple mental fiiaion 
of two'perspectives. The onJy fact I know of at all snppoi-ttng 
Brewster's hypothesis is, that if we, u.g.y attempt to run our 
eyes down tho graduations of a mensnro, wo liad we can do so 
mneli mora rapidly and accurately with two eyes than we ean 
with one eye. Besides which, in the ordinary use of tho 
stei'ooscope, no convergence of the optic axog talcc9 place 
at all; it is supplnuted by an artificial direction given to the 
rays of light by two prisms. 

• A wriiw of |)liot<igni])li3 of celebrated st(itii<« in rtiiTv lieing eshiliilcJ Ijy 
Uie ai<l of tilt: Dui^iu-luntem at tti'> Pol;tecliiiic Iiutitutiou, Ulualrating beuu- 
tifiillj this uiJ'cot of tuonoculur relief. 

t Browsier " On the Stereoacope," p. b\. 
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T^OW thafc you thoroughly understand tlio leading optical 
■^^ piopertieB of the normal eye, I iriay at once proceed 
to inveatigate tbo dopai-turea from tliat standard. To 
have attempted to do so before would have beon simply 
to liave iiiipoBe3 upon you a delusion. I shall, however, 
eveu now not think my time ill-spent, if 1 from timo to 
time again recur to our former optical studios, whou any par- 
ticular defect of vision preaenta any unusual complication. 

There are two states of the eye which we must carefully 
diBtinguish, — that in which it is directed to distant objects, 
its state of reBt, and that in which it is accommodated for a 
Df ar object. The former condition is a fisod constant oncj 
the latter varies witt every degree of convergence of the ©yes. 
Wo shall thorofoTO, with Professor Dondera, propose a system 
of classification founded upon the refractivo conditi-on of the 
eye when in a state of rest. The foUowiug talilo exhibits this 
system : — ■ 

Ths Eye m a Stats of Best {^erijstalUne at Us minvmu'm 
cunmture ; optk ««(■« jjarai^e?). 



1. 

Eje;— 



3. 

Pamllel rays 



3. 



4- 6. 

Eje ui a state Effect of 

of feat, adapt- glussMfirdiJi- 
eil for : — I tarit uliipcts ; 



I. NoniULl On the retiiuv. 



At aa infinite 
distance. 



PftRiIlel rajs. 



Convex ea anil 
wmctvYea dt- 
teriomtc vi- 
sion. 



II. Myopic 



In front of the 
retina. 



At a definite 
dicitanccimd 
poaitive. 



Divergent roys 



Cancflvea im- 
prove vision. 



III. Hyprmifr 



BfJitnrf there-At a dofinilc.Convorgenl 
tiiiii. I (IbUiicc iiJid mys. 

I negBCiv«i. I 



Converea ini- 
pnivo viaioiL 



•The name llypcrm-.iroi)ia [ndiectire = hypennotropic) wm intiw^uecd 



Tho ttroe last lines of this table, read horizontally, givo tha 
leadiTig characteristiee of each class of eye; read vertically, 
the leading; contrasts.. 

I ahall now discuss tlicst! three different ojes, as they pre- 
sont tliemsolvea to us in a itlate of rest, leaving for the preRont 
entirely out of the question tlio variablo element accowmoila^ 
fl-uii, I shall, ia other words, entirely separato the two factors^ 
tha constant and the varliible, tlio refraction of the eye and its 
power of adjiistinont. To adopt a homely similo, if we had 
three different teleecopeB submitted to our judgraeut, our firnt 
business would be to test their powers of definition in regiird 
to distant objacta, oa tho heavenly bodioa, and we might 
then proceed to teat their individual powers of adjastment 
for tbo distinct vision of nearer objects, 

The first stop, then, in our investigating the refractive pro- 
pertiog of a given eye is to eliminate the element accommoda- 
tiou. This may bo effected in two ways. The patient inny 
he able to suspend his accommodation by an effort of the will, 
or, if not, we may teraportii'ily paralyze tho ciliary niuacle by 
a solution of atropine. For this pui-pose it inuat be of a 
strea^h of not less thaa four grains to tho ounce ; and must 
have had about one hour and a half given to it to act before 
wo can feel certain that the paralysis is complete. 



by Professor DtinJem : it is aytionyiQOua with hypurpresbyopia and hypop- 
epiii. I liiivc retained it, not for its perspicuity, but mtiboc the revcrst!, for 
ilM RuhLleuess of expmsaiun, attiUihinf; no otbei lu^iuiiiig to it thnn what 
iiiiiiieilia,t«ly lluws &oin its nytnpboui». 



32 



OPTICAL DEPECra OF THB EYE. 



CHAPTER IV. 



MYOPIA. 



"pEPORE we can Batisfactorily discuss this anomaly of re- 
-'-' fracfcioiij it will be neceasaiy to here introduce the subject 
of concave lenses. A concave lens has properties precisely 
the reverse of a convex one. We. shall limit our ohaervationa 
to the case of the equi-concave glass lens, of which a sectioiiai 
figure is subjoined (Fig. 19), 

The two aides of such a section, A B and A! S, are the 

Fig. 19. 




FiO. 19.— .^apparent fomu, the dotted linea iudioatinK the appinDt patli of the r^i 
wh«i thej strike the ere, B, 

concave sides of two circles — the circles of curvature. G,0 ; 
C R, G' J?, are the centres and radii of curvature respectively. 
Parallel rays, P, P, P', P"', &c.j striking one surfiice of the 
lens, have a divergence imparted to them on their exit, as if 
they proceeded from an imaginary focus, F, which ia called 
the principal focus of the lens. F R \a the principal focal 
length, or briefly the focal length. It is in the case of an 
eqni-ooncave glass lens, as is evident from the figure, equal to 
the radius of curvature, OR. It will be remembered that this 
same relation held good of the equi-convcar-glass lens. In this 
last, however, the focal length is To&asaieA forwards from the 
surface of the lens, iu the same direction as the rays travel 
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(convcrgo ta their focoa) ; wtilsfc in the a&ae of the conoavo 
lens the focal length is moasared haclcwardsf from Ji to F, iu 
the contrary direction to the course the rays -iliyer^e fi-oin 
theii" focus. If, then, w& agree to call the focal length of the 
convex leas positive, wo must cfiJl that of tha concaro one 
negative, and such is the practice actually adopted,* Wo thus 
Epeab of a convos lona having, aay, five inches positive focus, 
and a coucave lens having five inches negative focaa. And 
furthermore, from the entirely opposite properties the two 
classes of iena possess in every point ot" view, it ia the usage 
to epeak of convex lenaos as positive lenses ; of conoavo lenaea 
as negative lenses. Or, still more briefly, employing the two 
algobraiojJ symbols -f- (plus) and — (minus), we should dd- 
aignate the convex lens in qusstion simply as a "-1-5 tens," 
the concave one as a "—5 leus;" or, aa already espl^ned, 
with rtjferonce to their " powers," wo might call the convex 
one a *' -1-^ lona," the concave one a 
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poHitive and negative are naod, then, aimply to espreaa opj}osl(i) 
properties. If I agree to call running forwards positive, 
running backwards ia negative j and I migkt in this sense 

rig. 20. 
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speak of having ma, say, -|-5, or -5 miles. If we agree to 
call five inches measured forwards from O (Fig. 20) +S, five 
inehos measured backwards from O are —5. 

I have illustrated the meaning of those two terms perhaps 
a little more fully than ia abBolntely necessary — firetly, on 
account of the miBconception that 1 know ao frctineTitly pre- 
raila on this point ; and secondly, because wo shall presently 
find ft very convenient application of these tenna when we 
come to speak of the far-point in the three clttsaes of eyes 
{vide Table at p. 30, column 3). 

If the rays of light from a Inminoua point are already 
divergent, before they strike a concave lens (rays from near 
objects), they will bo found, after t.heii- exit from the second 

* In Euglbh wurks wt optica tbo revcrec iiuiacnduiaie prevuils, 
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siirfaco of tho Ions, to havo flcquirocl a fttill grpatop (legroc of 
divergence, to hencO appear aa if thoy proooodod from a point 
nearer the Icoa tli&n they really du from (Fig-. 21). 

It ia one of tho Inwst of vision to refer the orififiu of any raya 
striking the eyo (E) to tho position a luminous point {t^ in 
the figoro) would wxnipj which coixespoads to tho degrco 

flu, SI. 
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of divergpnco the mys (R rnicl It!) hdvo when thoy strike the 
eye. Thia liuninons point or focus {F') has, then, no real 
existence J the rays of light have never met there ; the focus 
is an " imaginary,'^ " vh-tual," or " apparent " onO, its position 
iu space being fixed by the law of vision jiisb mentioned. 
The dotted lines iu both figures (19 and 21) iodicatc the 
apparent direction of the rays to the eye (E). 

What holds good of a pencil of rays from one Inminous 
pouit of aa object, eq^ually doca of all. Ilio cousequenco is 
that a concave lens forma an appareut iniajjo of any distant 
object precisely at its focal length ; if the object is a near one, 
its imago appear* etill nearer. Furthermore, tho image ia 
always croct and dimioiiBhed {Fig. 22). 

There are two ready modes of ascertaining tho focal length 
of ft concave lens, — the one is to see the magnifying power of 
what convex Itins it exactly noutralises. Tho positivo focal 
length of this latter is tho negative one of tho concave lena 
in (^uuation. This method is not practically applicable to low- 
powered concaveB. The focal length of a cowcavo lens may be 
OHCflrtoinod by finding out what convex lens plac-od in appo< 
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sition with it no longer makes distant objects sippear to move 
(or "danoe," aa o-ptioiana call it) fl.B we movo the pair of 
lenses nvpidly before the oye. To illustTiite tliia method, Bup- 
poso 1 have n concave lena given to me, mid that, whciii I 
place n El-inch convex lens to it, ami look through the pair 
at distant ohjects, I fiad, aa I movo the combination down- 
wards, obj nets appear to rise, and vire vcrsd ; that, on the 

Puj. 22. 




FlQ, S3,— O^ObJMit. 

J*, f'^fariiUol nji bum t1intf>[> and boltom iioinla (J, A') oStba olijeot, wblcli 
alter etavrcTDiv froia tl^o Irni are atibngiMl into tajB, Dtiy, lintfnc n 
diicrncnae u itlbcy prucMJuJ l>uiaii.i/oftbesiipurnclin«Ge. 



contrjtry, %yhea I place a 13-inch convex to it, tlie ohjocts 
appear to laovo dowuwarda as I move the combination down- 
wards, and fice versa, ; then the concave lens in questioD has a 
focftl-lenfrth between 9 and 13 iiiches. I now try convex lenses 
of 10 and 1 2 mirhcs, but still notice the same apparent move- 
monts of obJBcts, though to a less dcffroo. I then try an 11- 
inch convex lens, and find that objects viewed through it trad 
my concave leu» no longer execute any apparent niovenieuts 
at all in moving^ tlie combination, then the concave leua iu 
question is one of 1 1 inches foeus. In the first case (with the 
D-iuch aud lO-inch convesos) an inverted, in the second case 
(with the 13-inch audl2-inchconvBics)an erect image moves. 
This method is remarkably easy and quick in practico. The 
same method ia applicable, mutatis 'mutandis, to convex lenac8. 
The "uumberB" English opticians (lesignato their convex 
apoctacle-lcnaes by con-espond with the actual focal iongtba 
(ia EugUfih iochoK), but the numbors they name their eoncavew 
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by are arbitrary. The sabjoined table (from Mackenzie) gives 
to what focal lengths of concaves the niunbers in qnestiou 
correspond. I give this table for the sake of completeness, 
but in my practice I altogether ignore such an illogical 
nomenclature ; — 



NumbeiB. 

1 
3 
3 

4 
5 
6 



Focal lengtha 
ininchra. 


Numbers. 


48 


7 


36 


8 


24 


9 


18 


10 


14 


11 


12 


13 



Focal lengths 
in inches. 
8 
7 
5 
4 
3 

^ 



Eeferring to the previoos table of the diagnostic signs of 
the three different classes of eyes, we find that the myopic 
one in a state of rest presents characteristics, which we shall 
now illustrate. 

1. "Parallel rays arefocussed in front of the retina." This 
hardly needs explanation : the parallel rays from each luminous 
point (y. Pig. 23) of a distant object (o) are re-nnited (con- 
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veiled) to a corresponding luminous point (focus, F) in front 
of the retina {R) ; from each point the component rays of the 
pencil, pursuing their paths uninterruptedly onwards, re- 
separate (diverge) ; thus each point of the object is repre- 
sented by a circle (G) (of diffusion), the vertical section of a 
cone of divergent rays, and thusj as before fully explained, 
vision becomes indistinct. 

2. " The far'point is at a definite distance from the eye and 
positive." The far-point is the furthest distance at which a 
luminous point is critically distinctly seen. It is the iiaiiiest 



point wltict ran, by tUe rt'fractive power of the oye, be 
focuaeed again to a point on the I'otiua, The nonrnil eye sees 
criticaJly distinctly a lamiuous point at anij diatance (leaving 
out of con si derail on for the present the magnitntln a point 
must have to be percpptiblo to tho eyo — the rainimuin 
visibile) : * the far point is therefore, iu this casn, indefinite 
or iufiiiite. Agrueing to call lines measured from the vertex 
of the coruoa foi-ward positive, linos moaaured from the same 
point baciiward negative, tbe far-poiut iu tbo normal eye iti 
infinite and poaitivo {piilo tabic ftt p. ^0, column 3). In the 
myopic eyo the far-point ia also positive, bat It must be at a 
definite diatftnce. This varies extremely in dift'ercnt easos. I 
have met with one ciise wbero tbe patient could not see any 



• Dre. Snollcii and (limiid-Tcolon bare devised a series of teat-typts in 
which tliie cltimt^iit is taken intu 'Cuiiaiiloiiitian. In tnch tho uiiiiiiniiici migii- 
Inr magnitude of distinct vision is* t.ii.keii as 1 mt.. Tlii'y iire ftiHlier ^Tiiduato! 
in BU(?h a miiiiiier t.iiiit tlieir iiiiiiil.ifrB cdrrvflpudtl in Pniis fvet Ui Iho disljincfl 
at ndiicli the lireadtli uf llie tUit^li stnikfts nf vnAi kitter siilitt'uds tlio ijbovfl 
nTigle on tlic retiim. If wt- ttiv deidiiig witJi a, 7ii>riii!il eye, No. I, tyjif iiiii(ht 
to bp diatinttly lajriMe to, far off as oue Paris foot, 511. at twelve feci,, XV. 
at fift«eii foft, &e. If wo dcsignQija by JJ the ricuteuess of vision of a jiorsoii, 
tlien, in the ivbovc cxnuiplua, 

„ 1 12 l.i . , 

ifr on tho other hand, nn eye to read I. haa to approach huIf-:^foot to it, Lu 
read XII. tlircc feet, to cvod XY. five fc«t, &e., tlton 

„ i. J_. _3 1. ^ 1 . 

I." i ' "'X1I.~4' XV,, 3' '^''■* 

respectively. Or, if an eye at twenty feot only reads X., at fifteen feet only 
v., kc, then 5=J and \ reapeetivoly. S k coiiiiidenibly iiilliieneed l>y age. 
Tlie following tiilile cxhibitH the rcsiilta of the inveatigalioji, by Di. dc tiaan, 
(if 281 cmses uf eiiiiuctroi>ic eyeti at diLffuront ages : — 

At 10— 20yB»re *"^ 

'•'' -T, 

"" = 2S 

"«« -A 
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objeofa clearly farther off than Ij English inch ; others, in 
which the far-point was at 2 inches from the cornea ; and so 
through all distances up to 80 inches, in which last case the eye 
does not practically differ from a normal eye. 

Case I, — Progressive Myopia of ^ unaccompanied by 

Staphyloma Posticum or Buphtkalmos. 

Lewis M., lEt. 40, oonHolted mo, in 1862, on aceoimt rf exce^ve myopia of 
Ilia left eye. He had lost the sight of tho right eye for about fourteen years. 
He had been in the habit of using stronger and Btronger glasses, tiil he was 
at last obliged to use a combination of (wo concave glasses to assist his vision, 
not having been able to procure any single one sufficieutly strong for his 
pm-pose. One of these concaves I found was of 2J" fociis ; the two together 
equivalent to one of 1|" focus. His eye was not -unduly prominent There 
waa no staphyloma posticum in the left eye ; the right one had a divergent 
squint, and was filled with innumerable brilliant floating scales, wliich pre- 
sented a very beautiful ophthalmoscopic picture {=synchysu scintiUane). Ha 
read with his left eye No. 1 at 1| inch from the cornea — not &rt]ier, not 
nearer. He preferred for distance 2-inch concaves to all others, and with 
these read No. 23 at about 10 feet, No. 22 at 9 feet, and No. 21 at 4^ feet 
Any tinting of the glasses made him see worse. I regret that I did not 
instillate atropine in order to determiDO the presence or absence of any spasm 
d ^e ciliary muscle. 

High myopies require very strong concaves, and yet, when I 
tell yon that ordinary opticians hardly ever keep glasses of a 
shorter foens than 6 iHchea, yon will readily jinderstand that 
there are many persons who may consider themselves practically 
blind from the want of snfficiently high glasses ; whilst, on the 
other hand, many low myopies are unaware of their slight 
optical defect, till they feel surprised at the improvement 
their vision experiences from a slightly concave (such as 
B ife) glass. 

The first thing to ascertain in any suspected optical defect 
of the eye is to determine to which of the three classes of eyes 
it belongs. This may be ascertained, speaking generally, by 
placing the patient at 5 — 7 yards offa graduated series of types, 
varying from Nos. 23 to 18 of Mannhardt's and Jager's 
scales,* and ascertaining his power of reading such types. If 

* I have had a number of sheets of such types printed off ; they may 
bo had of the Secretary to the Ophthahnic Hospital, St. George's Circus, 
Southward. 
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no conoomitaut amblyopia be present (which, however, nearly 
invariably co-exists in all cxtremo optical defects), ho eliould 
be ablo to read No. 18. If he cannot, or even if h« can, 
Bce whether a low-powered concave {(.'..'/. ^V) improves visioQ: 
if 80j ho 18 myopic; or a low-powered convex (<?■?■ ^) : 
if so, he is hypennotropic;* or both, deteriorate vision: if 
so, his refraction is uoniiaU In instituting such an examina- 
tion some precaatious must he taketij to eome of which wo 
eliull direct attention incidentally hereaiT,er. Many persons 
fancy any low-powered j^lasB iuiproTeB their vision; this may 
ho a mere fancy, li such suspicion exists in the miiid of the 
PractitioneTj let him hold a piece of plain glass (of wLich 
I have a piece shaped like the real lenses in my trial-case) 
before the eye. The pntient will probably give evidence of 
his own deluaion by declaring U also improves his vision. 
Again, in all such csamiuationa each eye must be tiitsted 
Bojifiratelyjt then the two together. I have met with five 
cjises in which the one eye being normal the other waa myopic. 
Cases of difl'oront degrees of myopia in the pair of eyes aro 
quite common. Opinions vary as to the advisability of giving 
patients with unequal refraction of the two eyes two different 
lenses : I think oiich caso must ho judged on ita own merits. 

Having thns ascertained that a patient is myopic, our next 
object is to dctemiLite what pnrticnlar power gl.iss he requires. 
This demands the groatest care : to give him ton deep a glass 
would «atail aa unuuturaJ expenditure of aocommodatiwn for 

• You will oftea find a convex nr concxve glass iitiprorea TisioD for difl- 
. liuini, l)\ifc Btill floea nut, oiiiiUc tht- piitioiit to ifoA any less t,ype tkiu Im 
'ouuld beforo. Thia iiuiy ilepnad on n-stignintisin or iiiiiblytiiJiit 

+ " A» it veiy fr0r|iitiiitl_v lilijjjieba tliiit uu« eye hjis not eiiictly the SIUBO 
focnl length jw tlie ctlier, and tliut, wkun it ]ii;s, tlic yiaiou bj oau eye a lixa 
lwTf(n\t tlum tbii.t liy t.ba other ; the picture formed by uniting a perfout with 
tt loM porttujt [lictuiv. ur witli uiii> of n iliflvrenL aui.; in list lie tiion; itii^ted'ecB 
timt the Hiiijili' piiiliu'o fiiraicd by oiio t-ye." (Ereicstec on llie " StereoMmpe," 
p. 46,) — PoM^tfiel'I (vol. ii. p. 10) dinniU iitteiitioii U> tlie dili'crent '■IhiiiW" 
of i-ision jiemmia imiy have in either eye. lu tsstiiig cavh cyn «ep[irately. it 
ia fulvisaltli! for tbe siirfceon to suuplj lioM liis liraml in front of llii? uyc not 
under cxnuiiiiation ; any eoiiipreasiou of the eydw,!! by the patient's frrciblo 
tlosure of thu eyelids may inipede tho tvix pliiy of the «yi>liitllK, niiil tlins 
iufiiunco lUu I'cliiKtlvo condition of the aye under ouuuiuattuii. — Vidt 
Jlulliir'a " l'liy=.iiJii;y,'' Euly's tciULilutiuu, p. 1 14y. 
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diatanco in order to neutralizo tho excess of power; to give 
him too low a ono would deprive him of all tha ndvaiitagws 
tho perfoct correction of liis luyopia might confer. We obtain 
a cluo to tho required glass by a rough approximation to t!ie 
fnr-point. For this purpose I in ordinary cases employ as my 
optometer No. 1 of Jilger's test-types. In high degrees of 
myopia larger types must be uBed, on account of the nearlj- 
constantly co-oxiating amblyopia. 1 may here mention a 
rather unseientifio inatruuiput that 1 have adiiptod to the 
purjjoao. I take an ordinary shocDiakor'a nile; the fixed 
upright I cut down and notch out for the reception of the 
patient's eye; to the sliding upright 1 affix three small 
springB, which retain in position an ordiiiaiy address-card, oil 
to. ■which the test-typo is pasted. Tho lixed upright theu 
corresponds exactly with tho surface of tho cornea, and by 
sUding along the other moveable one with the toat-type 

Ptn, 21, 




'1 , ±1 
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Fia, 84.— Antlior' ■ nptomeUr. Tbe lest-type in rppreicDted iseuolljfl inahnOOTii 
Ibe [iMiDntB cnrnn. 1 ban reoonU; MJed > grouveil tiag U Uiu ooruekl end tat 
th« reception of taoBea- 



attached to it, we can expeditiously find and read oHT tho 
near-point, and approximatively the far-point. This Uttlo 
apparatus is seen at Fig. 24. 

Prof. V. Griifc has proposed a set of lino wires set in » frame 
an optometer; ^^en the wires are seen singly and well- 
!efined, vision i« accurate. But in practice I find tliie and all 
such tests fail, ovon with educated persons, and much more so 
with hospital patients. 

Suppose, then, you find the pa-tient loses perfect definition 
of No. 1 type at 6 inches, that his farthest point of critically 
dietinot vision ia, roughly, about fi inches, wo should then. 
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according to tlieory, give liim for distant objects a concnvo 
gloBS of S^ inchoa focal length (the glaaa feeing i inch from 
tills cornea) ; for then we slioiild present to tliQ eye an imngo 
of the distant object exactly [6 inches from his cornea) at his ex- 
treme limit of distinct vision. Cut practice tcachoa U3 that even 
El, (j-inok concave would be too strong a glass for lUsian-ce ; he 
wiU prohitbly reqiUTo a 7- ornn H-inch one : which of those, 
we must find out by trial.* Now, whfit does this apparent 
coutracliotion hetwc'on theory and pmctico sirise from ? Fnjini 
two circuni stances, viz.: — 1. The associated tictioii of the 
internal recti and ciliary muacles. Paranelisni of the Gyebjills 
coiTCBponde with relaxation of these inuacles, cunverg"ence with 
their contraction. Kow, when wo tried our patient with t!jo 
test-type with his naked eyes, these converged to a point 6 
inches off — the ciliary miiacleH acting coBsentaneonsly increased 
slightly the convexity of his cryetalliae louses — increased their 
power. Bat when, with concave glasses on, the pationt regards 
distant objacts, the conaequont parallpliam of tho eyebails ia 
nasociated with a correHpondins^ relasution of the ciliary 
lauaclos — a diminution of puwur of tho cryatalhtieB ; tho con- 
cave glasses nmst, therefore, be of longer focal length tlian 
the found far-point, they no longer having any accommodation 
to ncutrahze. • And 2. From the letters of the type not being, 
perhapSj distinctly rocognizable farther than G inches, on 
account of the diminution in their angular magnitudee.t 



• This trittl inny tiG fjicili toted by an ingtnious ailoptatioii, by Prof, 
von Giiifo, of ibe Ofl.lileiui tcloacojic to o|tUiiuetrJc [iiuimfeeH, In litis iii- 
stniDiL'ut, when tlie eye-piece and olij^'Ctrylass are eepaiiitcd liy a ilisttiuca 
eiliial Lo t!ie difTiiniiiCL- "f tboir focal lengths, the rays ■eiutir^i'iit trvm tli(' 
sj-Btem urepiwftlld ; if this tlistniii:^ he diniiniBlitiil, diTwgent ; if iiidrcasfd, 
converffent. Oil the budy of tliis tiiitijiiieter lilii" (liiri^reut di^gn^fs ofniyoyiB 
or liypermctr>[iiii ns«pt:ct(Ydy arc marked oil' CTiTospunding to difl'crent 
degT(>os of sppnration of iht 6ye-piec(> and objoct-gTass. The (ihysioil imd 
psychical futii^uc and confiuion invol*i;d in the repeated apjioullioii and Cijiu- 
piivison of riiritiua trial glasses to the pye are ihiisi iivoitied ; but, nt the Bunwi 
tinie, I must iiild that the rcHult* I have obtfuned bwn Ton Qrafe'e iustru- 
meiit weit) often fidlat-ious. 

t Ptrif. von Gr.ifi' ^tulcH, that In myopica (nol slmultansoiuly affected tvilli 
weakness nf ibp iiiiti-uid niuLi) ibci pmPcT nf the intdrmil roel.i ineiraBOB with 
i^re, su Ibut tbuy uiii luacli Uil'IT fur-pviiit tinilur u uuusidenible cuavtir^nnuc 
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The rationale of the action of a concave glaas in myopic 
patients was at one time a matter of extreme difficulty to me. 
The knot I fotmd cut by authors by two views — (1) that the 
concave glaaa substitutes for a distant object its virtual image 
at the patient's farthest point of distinct vision ; (2) that it 
simply increases the divergence of the rays, leaving the locality 
of the object unchanged. Both explanations are aa confused, 
as they are unsatisfactory. Of the following ei^eriments, I 
believe the second one to be original ; if not so, it is certainly 
but little known : — 1° view any object, auch as a candle-flame, 
through a deep concave glass (or an inverted opera-glass), it 
appears diminished and much farther off than it really is. 
This is owing to our mental association of diminution of size 
(an inherent effect of the concave glass) with distance. Bat 
2° view the object with either eye in such a way as to see 
it simultaneously both through and not through the concave 
lens, we then at once perceive the object at its real distance 
fipom the eye, its image at a distance from the lens exactly 
equal to the focal length of this latter.* To a myopic person 
with his proper reducing glasses all distant objects appear 
in their real positions (to high myopics, who have never 
before worn glasses, objects often at first appear fiirther off 
than they really are) ; but if the myopic patient with either 
eye regards, as in 2°, an object at the same time through and 
Twt through hia reducing glass, then he at once perceives the 

of the optic Bxffi, which convergence does not imply any exertion of the rectL 
As ^ as my obserration goes, I camiot agree with the learned professor on 
this point, my experience all tending to corroborate the views expounded in 
the text. 

* The simnltaneouB perception of the real position of the object with its 
image destroys the mental illusion that refers this latter to the presumed 
situation of the object. I may aay that Mr. Parkinson, of Cambridge, to whom 
I submitted this theory, quite coincides with my %dows on the subject. A 
similar mentai illusion is the " conversion " of a bae- into a ft«u(-relief , accord- 
ing to the way in which the light &lls on an intaglio [or cameo). — Vide 
Brewster's " Natural Magic," p. 98, et seq. The observation " 2° " in the test 
explains, I think, certain cases of monocular diplopia, due probably to differ- 
ences of refractive power la different parts of the optical constituents of the 
globe, I have thus recently observed a very marked case of monocular 
diplopia in a case of partial dislocation of the lens. 
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object in its real position, but ita image formed exactly at the 
focal length of the concave glass. 

These simple experiments prove that the myopic eye with 
ita reducing concave really sees the virtual images of distant 
objects at the focal length of the glass ; but mentally refers 
them to their true planes of situation. Were it not for this 
faculty of the mind, the concave glasses would confuse their 
vrearera much more than they assisted them. 

Professor Bonders has proposed a convenient nomenclature 
for different degrees of myopia, viz., naming them by the 
powers of their respective reducing glasses. In this way we 
speak of a person having a myopia of \, another of J, a third 
of -^j &c. The advantage of this system is, that these frac- 
tions, by their intrinsic value, express the degrees of the 
myopia, which 2, 4, 12, &c. (the focal lengtlis of the glasses) 
would not do. 

Having accurately corrected the myopia of a patient by his 
reducing glasses, have we practically transformed Che eye into 
a normal one ? By do means. In the first place (as we shall 
hereafter advert to), moat myopic eyes are essentially diseased 
ones. Secondly, all concave glasses diminish more or less — 
the virtual images presented by the glass to the eye appear 
leas than their respective objects. The virtual image of a 
distant object has a leas angular magnitude at the optical 
centre of the eye, than the object itself has at the same point. 
But for retinal images (in the case before us the image of 
an image) to convey to the mind defined impressions, they 
must not be under a certain magnitude ; in plain language, 
there are many objects so small that no one can see them 
beyond a certain distance, or even at any distance, ever so 
near the eye.* When we are dealing with low degrees of 
myopia, such as ^, -^, ■^, &c., the diminishing property of 
concave glasses is attended with no inconvenience ; but as 
soon as we arrive at high degrees, such as \, ^, \, or \, &c., 
we find that no glasses, at any rate, at first, however accurately 
chosen, will enable the patient to read a moderately small 

• Dr. Hctok estimated tho mintmum visibUe tta comprised in an angle of 
1 minute, aa is assumed in Giraud-Teulon's and Dr. Snellen's tefit-types. 
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type, such as 10 or 18, at any connderaMe distance ; 
but that for oach of the typos from 23 to 18 ho tnnst ap- 
proach nearer and ucnrer to the type iu proportion to its 
emallDoss. 

AnothtT remarkable circnrastancc affoeting the application 
of reducing glassoa to high niyopics is, tluit these pntiouts 
iiivarialily com|ilaiii of a pecnliar "dazxling" appeat-ance the 
very iluep gliiflsus confL-r oa olijecta. So disngrotiablo is this 
sen.iattoii, tliat snch patients invnTiably pi-efor lower glasses to 
those which completely neutralize their myopia; in other words, 
tliey prtifur eacriticiiig deflmtion in order to rid thomselves of 
thia annoying fetiHng'. Dontlors [Arrhiv J". Oi'}t,lh<ihn<)logie, 
vol. iv. part I, piige 313) has also noticed the fact, but docs 
not appeal' to have furthor inquired oithor into its canse or its 
rtinaedy. I at first thought il depended on tho hack (ocular) 
aspect of the doop concave glass in its capocity of a concavo 
mirror reflecting aide-light on to the eye; but I found Uiat 
cohering tliis back with a dend-black paper, leaving only a 
ceutiul aperture for vision, luiil no Keniedjiil effect on tho 
" dazzling." I have, however, succeeded in finding the 
remedy : it consists simply in tinting the glass.* This appears 
to mo to prove that the aqnsatioa alluded to has its origin in 
Bomo hyperiofithetic condition of the retina to hghfc. Thu only 
direct evidence I have to advance in favour of this hypothesis 
is, that 1 have never seen (i.ny of tho highest degi'eea of rayojiia 
unaccompanied by morbid alterations of the fuudoB ocnli (sta- 
phyloma postic.) but once ; and in this instance, given at p. 88 
•^■a myopia, of -Jj — the patient wore a 2-inch uncolourfcd concave 
glass without any incoaveaienco. 

On tho other hand, it ia but fair to say, I have seen a few 
CD8C3 of high degrees of myopia, accompanied by oitensive 



• The most convenient motli-oJ of n.pplyiiig this pruiciiile \s joining n piocc 
of ji'Ihiio tiatod ^hdh witli Ciuiiula kiJ:iuiii t.o the t^aclc of a pluQo-coticitve Iiiiix. 
If a double coniave lens is simply niivmifiictureil out of o piece of tinted glass, 
ttio vurymic thicknowi lA tlie gliisa ia aceompiinied with a varying degree uf 
iiilL-nHity of tint, beaides the unylerusivtit i;(iiis|i3cnmianc-«s of tlio deptli tS cokmr 
oflbo extreme utnrgiu of ihc gloita. Me^ra. MunTiy & lIcuUi huvc tiiigguat«t] 
that this diJfioiilty may lie obviated by grtndiLjj tho niiuncd cirounifwMioe of 
the Ien> down to ft thJn flat siu'fiicv. 
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Btaphyloraa poaticam, in wkich the reducing glaases did not 
dazslo tlio patient. 

Case II. 

Lady B,, mk. 63, consulted me on Juue SKth, IflRS, VUion : Wl eye too 
amljljopic to hn.Ye tiny useful aiglit ; riglit, eye, re«d R17, I between 2J" and 
23", so that, her acDonunniktiLiu wus nbmitV;-' With u 3-iiicliCMicavosbercji/i 
tlin laryer uf Jager's typea iit dislnnoo with lior loft eye, in which a well- 
dclinod Inrgo cjctemal at.nphylomit posticiim wna aoeii. Sb« sivul iLe 3-mch 
glass diii not " dnzzle " her, that tintlny made tho Ught '' aofter," but tlmt she, 
on the whole, preferred it not tinted. 

I have tbii3 aaccooded in solvnng^ what I think -will bo 
ivlloweil to he an important practtcitt prohloni — that of ea- 
fthlirig high royopiea to avail theniaelvea of all tho ailvan- 
tages of tho perfect defijiitioii thoir iictaal rodncitig gliiRsea 
can give, without at the 8a.iue time theu" heing annoyed hy 
this disagretiablo " dazzling." * 



Case III, — JliTyopuiof ^^. — ImfoasihUiUf of wsarintj the ruflueiv^g 

(flassi's on account of their " daszUng." — Tftis remadwd hij 

tirdiny th; <jhix.SL:f. 

Jiuie F., [ct. 2A, consultC'd me on Juiinary 15th, IS62. I fmindthat At 
about 15 feet slio C(ndcl iitit n.'Hcl Nti. 2;). tlmt tho fiir-pmnt for l!ii? nght pyn 
was, for No. 1 3J", for tho left 17c tho some ; whihit the ntflr-poiiils for both 
tyes were respectively 2^" and &$" ; so thnt ahe prnctitully jiosacyaod no 
luicoiLiiimdiklioti. In e.uih fimdiis nciili an extciiitivp cxtoniHl Mtuiihyl. poslic 
was Been, Tlip glohea wcvo full and proiiiiiii.'iit. With. 3j-Lncli conaives she 
reail Nob, 23 imd 22 ut di»tiiiic« »|i]il* diBtmtlly, but wii* oMi^-i'd to put iiji 
with ri-incli cmicjifus, wjiicli did not fniihU' hi-t to see so far oil', on arrutml. of 
the iliBlreHsiii^ daz;dlng sciisntiun the ^^-ini.'h gUutei'd 0!iuK(3i.l her. T hiii nvis 
the firat vase I tried tlie effect of tinting the glasses in, nnd on scpiiigliiT throe 
inoiitliB iiftiTwards, she sivid she huil cooataiitly worn her tintod 3;l-inch (jkiisea 
— 1 verified tlioir focal Iciislhs— without oyer aj<iiin o.vpcrieticiuj; the ''diuizliii^j" 
senwition they, liefnre heiiy tinted, cnuwiL In. these oases we mny sonie- 
timca with advimlage tniliMtitule for » duqj tunciive gliws n mure Blmllow one, 
in pomhinntioTi with a atennpa-ir n.pparatng : tho eH'Mte aro a largM, equally 
defined imHgc witli a, dIuiiiiuUon of tJie amunnt of light. 



• My opticians, MeBsni. Miirr.iy & lleath, inform me that they are 
now cotiBtoiitly iii the hnhit of adopting thlii plan with tho mont iiutrktid 
success 
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convex Ions, for tto far-point h=b^", for the ncar-poiut 
is:2f", Jc being in botb casesrii''. TTierefore — 

I' 5J-12 53 ^ "' ■ 

a(3ilini; J" to tliia, my far-point (=r} would be 10-2": the 
rediicing glass of my myopia is, b-i previously ascertained, t%. 
Siiailiirly I doiJucc, neing tlie samo auxiliary l&nfi, my neoi'- 
poinfc (ji) to l>o 3-4", and witliout It — 3'4". 

Su])poso, now, we find that a pcrsom wlio uses 7-inch con* 
caTSS for distanco has an accommodation of y'l:; to Bee dis- 
tinctly at 12 iucboa the patient will, with hia reducing glasses 
On, have to Hso hia entire accommodatioTi. Bnt such a pro- 
cedure would soon 80 exhanst the ciliary muscle as to lead to 
all those eymptoma of futigi»e of the eye which we shatl here- 
after fully enter into under the head of "Aathen.opia." If wo 
give the patient for reading, working, Ac, at 12 inches, a 
pair of 17-inch concaves (^— tV^rr)' he will for 12 inches 
have DO occasion to iiso his accommodation at all, but will 
have a certain useful range of vision both beyond and on this 
side of 12 inches. I must horo distinctly confess that tbeso 
calcultttiona must all bo controlled by actual clinical espc- 
rionco. As far as rules can he laid down, I have endeavoured 
to do 80. These are — • 

1. If tUtle or 710 accommodation exists, give a glass which 
entirely suppkuta any slight natwal accommodutiou. sbiU 
present. 

2. If a modffrate amount of accommodation esiBta, give a. 
glass which jxtrHctlhf supplants this n&tm'al accommodation. 

3. It j)crfcct accommodation exists, the aatne glass that docs 
for distant will do for near objocta. 

Is it possible to diagnose a caeo of myopia altogctiier inde- 
pendently of any subjective 8\iiiptomB ? It 19. Moat patients 
present unusually largo eye-balls ; tills is rendered moat 
obvious when tho person looks as far as bo can to the side. 
The groat length of the antero-posterior axis * and the general 
fulness of the globe then become very apparent, 

• "Niiiiia ouuU Ion;;iluilofiuiit mjuplani.'' (Bot-rliaave'B "Prteleot. ilu'Morb. 
OouL" &)ttiug. l"4(i, p. 17-LJ 



[One of fcte lieirlooms of traditional Surgery is the Bup- 
"posfd undue proniinuHce of the comoa in myopia, Helm- 
holtz and Dondora liave distinctly disproved the general 
truth of this afciitement by Uborioua measurGmonts of the 
loa liy tho OjihthalToonieter. A. second eet of very 
Kagnoatic symptoms are those furnished by the ophthalrao- 
scope.* These are tha possibility of seeing the inrerted imago 
of the fundus oculi without tLo use of an objective — : myopic 
refraction. This of itaelf is very strong proBHinptivo evidence of 
(ahigb degi-ee of) myopia. But to obtain a sufficiently extensive 
fi.elrl of viow, it is better to employ the ordluary objective — a 
lower one than is used for normal eyes. A vei-y characteristic 
appearancB is then usually seen. Embracing the optic papilla 
ia a creaccattc palo or white patch. It varies greatly in 
extent, being aonietimes very narrow, sometimes very broad; 
generally situate between the optic papilla and yellow spot, 
not unfrequently, however, entirely amrounding the papilla. 
The retinal vessels coursing over tlio white patch are seen 
uiiUBually well by reason of the contra.at between tlieir 
red eolonp and the subjncent white ground, end often pursue 
an unusually straight courao. The " crescent," or ataphyloma 
postioum^ as it is calloJ, is mostly ■well defined, often very 
abruptly ao, and not uncommoBly bordered with a punctuated 
line of black pigmenfc.t 

" Myopic reftuction " may be considered palhognomouic of 
myopia J a stapliyloma postieum abuosfc so. Surgeons in 
military praetieej mora especially on the Continent, may bo 



* For further icformttUon en this point ooiuult llie ndniita-blc edition of 
" Zan&er on the OphthAlmoflCOpG," hy R. R Carter, nf StToiirl 

+ ] hiivc aotcii of ^ixty iMseit of mj'(i|jia wLich I liave csntiiined witi the 
ophtiialraaBcapc. In forty-four of tliMe slniiliyloum pi^ticiitn wiis prosont : 
in thitty-RTc it is noted as lidng at that mile of the pnpilU wbicli is townTds 
thv niiU^h hil«n. whilst in lire ounot oaly wns it exciiisively to the inner 
aid«, in PDi^ onlv " *■■■'■ .ilni'i.'. In uiiii? olics mi slniihjloinii poetioum 
fXt»t4:il. Ill iulil[ I .t|]li.v)iun« ptislioiiiii, I have b neavl}' nII 

oslwinp owa (i( fii the OfAic tntmnce citliw iU-<lL'fLiic(l. 

itdbnu^di Mruphi* '»r- Tin inner tieanos of the pyc, toe, 

insuah cAlf^ t> irviCAOf l«n«ion nnil thinntni: 

of iJnJ i"li<ini;ii ■iii-,ii^ much iiviro niiniMwiis miJ 

In* in cilihn 
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cnllud upon to docUIo tho qucsbioii of tliu oxii^toncc or not of 
myopia: in tho ovoiib of prprarication on the part of the 
perxon imder cxiuninatioa, the uphthaluiuacopit; tuHtH of myopia 
will prove moat valuiihlo ami dccisivo. Kv«u in civil praotice, 
these testa are sotnetiiuos of great utility. Uy^tenco) aiuiula- 
tion or dissimulation of auiotropia 1 havo mot with on inoro 
than onu 0(3cusiuu. 

In one caao T oliaorred the Btapliylonia was fringed out- 
WartUy by a peculiar halo of regular short lines. In another 

rare case I observed the sta- 
Fia. Si. phyloma was excavated — was 

in fact a Btnphyloma posticum 
in tho true sonsoof theword. 
It occurred in a woman ajt. 
88. Sho had u, lujopia of J In 
each eye, and possessed an 
acatenesa of vision of atout ^. 
I g-ivu a woodcut (Fig. 2-^) of 
the inrei'ted imago of tho 
Btapbyloiua posttcum of the. 
right eye. 

Sometiiacs, however, the 
crescent nioi-gi^a gradually in- 
to the Burrounding rodnuss of 
the fniiduB, and is in cases of 
extreme myopia not uiifreciuL-ntly accompaniod hy otlier Iso- 
lated iire^lar white patcheSj iutorminglcd with hlfick pigment 
spots. V. Qriifo conaiders all those appearances as due to 
a diffused sclerotico-choroiditis, which, accordiug to PoUiD, 
assumes an atrophic toiuli-'ncy iti the involved tissues. Those 
myopic eyoa which have been anatomicftlly cxaniiiiod have 
generally displayed a marked elongation of the globe, espe- 
cially eo in tho- posterior hemisphere — ^henco the other uamo 
which has been applied to thia peculiar pathological condition, 
viz., staphyloma posticum.* I have mot with a few cases of 




S = Rnnstcd tcnpli jloint pnatiiMIID. 

» =40 nrler? ur»(i"nj| oter the bout roio, b. 



* ^« fiRil luiutomieul discription of stuiikyloitia {HXitiuum utub«f«nti'] 
in Scajpa's Tmaliiie (tnuuilnteJ by Bri|ii:B, Snd edit. p. W.t). hi unc of 
two dlmoctimia he found " Ihoro was a (Wliciwicy nf tho norrous cxpiuuioii 
of the ivtiuu wjtliiu Utc ciivily of lUu atitifliyU>iiui ; Lhut the chorojd c«at wm 
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myopia, one of the highest degree I ever saw (^th) in which 
no such staphyloma existed. In these it is fair to assame the 
myopia was caused by some abnormal refractive condition of 
the humours. 

A form of apparent myopiaj of which I have seen several 
instances, is one which I, with my friend. Dr. Girand- 
Teulon, consider produced by a spastic state of the cihary 
muacle. This " functional myopia " (?) yields on atropine to 
emmetropia, or even hypermetropia ; or to a lower degree of 
myopia, to which it is a superadded factor. This form of 
short-sight is generally very sUght and has been observed by 
me principally in patients who were also presbyopic. 

veiy thin and diacoloured at this part, and wanted its oaual vascular plexus ; 
and that the sclerotica, particularly at the apex of the staphyloma, was 
rendered so this as scarcely to equal the thickness of writing paper.'* 
The predisposition to staphyloma postictint in the position it always con- 
stantly occupies is probably due to its being that of the piotuberaatia 
sclerce fetalis (v. Anunon), where the sclerotic, even at biitb, is thinner 
than elsewhere. 
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OHAPTEE V. 

HirPEBMETROPIA. 

rriHB two chief anomalies of refraction the eye is subject to 
-*- are myopia and hypermetropia.* The former we have dis- 
cussed at some length j the latter it will now be our task to 
inquire into, and in doing so I shall, as in the case of myopia, 
follow the table of diagnostic signs (p. 30) of the eye in a 
state of rest. In Hypermetropia : — 

(1.) " Parallel raya are focusaed behind the retina." — 

Fio. 26. 








Parallel rays (Fig. 26) from each luminous point (p) of a 
distant object (0) tend to a focus {F) behind the retina (B) ; 

■ The following quotations on the history of this defect of viaion may not 
be devoid of interest. Bonders (Archiv f. OphlhaJm., vi 1, 1860) says : — 
" Hypermetropia has, up to the present time, been very little studied : the 

older oculists either knew it not or misunderstood it. ., The 

ignorance on this important defect was universaL Even by 

Kuete (1845) was its existence not known." I here, however, distinctly 
assert thftt Mackenzie, in his " Physiology of Vision," p. 150, published in 
1641, gives a clear definition of the disease : " but there are instances of the 
eye beii^ so flat as to inquire convex glasses to cpnverge even parallel 
rays to the retina, which is equivalent to a power of bringing convergent 
rays to a focus." However, no unprejudiced person can rise from the 
perusal of Professor Bonders' admirable exposition of the anomalies of 
refraction and acconunodation of the eye without being impressed with the 
importance of his researches, — the truly philosophical spirit in which they 
have been conducted. 
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if we imagioo the tunioa of the back of tlio oyo removed, a 
distinct image of (p) would be formed behind the retina, at 
(F). As it is, liowevpr, every luminous point (y) of the object 
IS reproduceil ou the retina as a cii'cle of diti'iision (G), and 
hence no distinct image of a distant object is formed on the 
retina. 

Thus, a hypermetropic eye is deficient in its converging 
power on the mys of light. As an illuatration, I may say 
that after operations for ciitai'act, ttie shuro the crystalline lens 
tatea in ibis converging power being loflt, tLa eye becomes 
hypermetropic. • 

Aguiiij wo may artificially convert a normal eye into a 
hypennetropic one by placing before it a ctmcave lens ; a 
myopic eye into a hypermetropic one by placing before it a 
concave lens strongor than is nocossary to neutralize its myopia. 
But, as we shall bei-eafter sgd, by far the greater number of 
byitermetropic cyea mot with, iu practice arc the result of a 
congouitnl conlbnniitioii of the globe. 

(2) " 'I'fio hjjpennetvopic eye in a state of rest is odajiied for 
aonvcrtjenl rai/s." — ^Althougb, aa we have juat seen, the hyper- 
metropic eye haa too low a converging power to focus paratlul 
(and nforliuri divergent) rays on to the retina, yon can readUy 
understand that it may have suflicient to focus rays which are 
already iu a atato of convcrgcnco before they strike the cornea. 
Now, aa I have before said, the only two classes of rayB 
met with in nature are paralleJ and divergent ones ; but we 
may confer on either of those any desired amount of con- 
vergence by receiving them on a Buitoblo convex leus. Henco 
the remedy for bypermetropia is a convex lena of aucb a 
power as to give tho incident rays &om objects a snflicieut 
degree of preliminary convergence before they strike the cornea 
as to enaljlo the eye to effect the additional amount of con- 
vergence necessary for the production of a delincd, distinct 
image on the retina. 

(3.) " The far-point of a hypermetropic eye m a stats of 
rest is at a finite dUtance (fT(jm ihc ryp), and riegatii'e," — In 
the normal eye in a state of rest, the focus (lominons point) 
of rayH which, atriking the cornce, will be reunited lo a focns 
on the rolina, ik, as we have seen, positive and infinite, in the 
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myopic eye positive and finite. In the hypermetropic eye 
rays of liglit to he brought to a foous on Uio retina mast, 
before thoy strike the cornea, in tho Bret Instance (by a convex 
Ions held befopo the eye) be mado to teud to (eonvcrgo to) a 
focua behind the retina. The higher the power of this convex 
lens tlie higher the degree of bypermotropia, whilst, when this 
power is -^j or loss, tho cyo closely approximatee to the 
normal one. MeaForing the focas of these convergent rays 
from tho cornea backwards, we may by a figure of apoech 
(in analogy to the far-pointa of normal and myopic eyes)j 
say that in the hypermetropic eye the far-point is finite and 
negative. 

The amouni of deficient converging power of the hyper- 
metropic eye — the amoant of hypermotropio — ^is given by the 
convex lens necessary to produce distinct vision of distant 
objecta. The power of this lena may vary from -^ up to ^; 
at least this last la the highest degree I have evor soon (in. a 
student at Utrecht},* excepting, of course, a hyporraotropic 
condition of the eye dependent on a cataract operation or a 
congBoital doficiency of the crystalline. 

The following ia the highest degree of hypormetropia I have 
ever seen in my own ppaotice. 

Case IV. 

John Edwards was 6 yettrs old -whcii ho wiva bixraght to me at the OphthiU- 
mio Hospital, SouthwEirk, by his incith.'i', on Decodiier I2th, IBtJO, Siuce 
the child v/aa three y^uxa old slio lutd olis-erved bis sight y/na dcfeutivQ, niiJ 
that ho iJwaye brought objects very close to hia eyes when ho wished tc B«e 
them diatiuclly. I fovind he tef|iiired 5-iiich cotive^tcB to raul No. 22 at 
diatimee ; but afljir the eyes hiul l)e*n aulyocted to atro])ine for an hour he 
requJiied 3j-Lac!i convenes, with which ho rend No. Sli at (i feet 0''. 1 f^ 
eitamitied liis ejea iiboat twelve bouns Inter, and firniid 5-iiidi coavcxes were 
the glosses with which he nbtnined the most distisct vision for diiilAiice, 
reading with them No. 2!. On examining hia eyes iiphthittuiowopically, no 
morbid appeaiuicBSi were perceptible in eitlier AiudiiB nr.uli ; but I COdld 
obKeTr^; the direct imiige in either eye aa Tar off aa 3 indies from the cornea, 
aftiT tho full action oH atropioe. Bath catoptric images frooi the l£n»-«urikiou 



* It is a caso mmtioTiod by Doa(I<;ra, nt p. 241 of his work on llio " Auo 
umliM of Aooomniodativti and Refraction.'' 
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could be distinctly seen in each eye, proving it was not a caae of oongenital 
absence of the crystalline lensea. I eaw the case again upwarda of a year 
afterwards j the boy ever since I first saw him wore 6-inch convexea. With 
tliese he read at 20 feet No. 21, without them he could not read 
No. 23. 

The following are the outlines of two other casea of an- 
osnally high degrees of hypermetropia. 

Case V. 

Sarah W., fet. 8, was brought to the hospital on account of her " short 
sight "^ahe was always obUged to hold things very close to her eyes to see 
them— and her inability to read, &c, for longer than a few minutfls together. 
She bad also been observed to squint, a ^t which I myself observed in 
either eye momentarily, but decidedly, when she looked intently at a near or 
distant object The eyeballs appeared very small ; the cornea measured 
S" in diameter ; the palpebral apertures only 6"" in length ; the pupils in a 
full light measured 1'" and acted welL With the right eye she could not 
read CO (Snellen) beyond Iff; with a 4-inch convex, LXX. at Sff, and 
the same type with the same glass after two hours' application of a strong 
solution of atropine (gr. viii ad 5i)- The left eye was quite similar in its 
refraction, excepting that after atropine she preferred a 3i" convex. This 
was, however, not a caae of uncomplicated hypermetropia, aa the ophthalmo- 
scope showed. The optic entrances were only recognisable by the confluence 
of the retuial vessels, which were, at parts, much obscured. In the left 
fundus some pale, irregular spots, with slightly pigmented deposits, were 
observed. The direct image in each eye was well seen at 7 — 8" off without 
any ocular ; at 1" — 2" a 12-inch convex ocular waa necessary. Prom the 
above it follows that part of the amblyopia was owing to some chronic retinal 
and choroidal processes. 

Case TI. 

Henry N., at 10. — His sight had been defective as early as he could re- 
member, having been unable to see either near or distant objects well He had 
been repeatedly veiy severely pimished by his fether, who thought he was 
malingering at school ; but an inspector of schools, who believed in the 
reality of his defective vision, advised him to go to the hospital to have his 
eyes examined. I found a manifest hypermetropia of Vo, ao^l a total of i, 
with an acuf«ness of vision of J. OphthalmoseopicaUy I detected nothing 
morbid, but slightly e^-shaped optic entrances. He said he saw horia>ntal 
lines better than vertical ones. But I found him so unintelligent as to render 
any exact determination of his astigmatbm practically impossible. 

tfleratoudj the eye has within itself 
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iin intrinsic power of increasing its converging atition (in 
tlio crystalline). ITio normal eye has no occasion to exercise 
tills funcfcion for distant objects, anj. tTierofore it renmiiia in 
a state of rest. Tlie myopic eye ia already abuomuiUy 
excessive in its converging power, unci would therefore, if it 
could, rathor diminish, than increaae the convexity of ita 
crystalline. 

But, aa you might a. priori have expected, the hj^ormctropic 
eye accommodates even for distance, abuoiTnally using a fiiao- 
tioa for distajice which a normal or myopic eye only employs 
for noar olyecta. It In this way availe itself of ita power of 
accommodation to supplement itsdofcctivopower of refraction. 
Such an eye is then " never in a stato of rest " in the BoaBS 
we liavo used this expression. Have wb any meana of redncing 
the eye to such a state, and by tkus elimindting the element 
accommodation, estimating the total amount of deficient con- 
verging power — of hypormetropia — present? "We havo: by 
paralysing the ciliary m.iiscle by the instilltition of a solution 
of ati'opiae.* 

The preceding will become intelligible from an actual 
example. A young woman required a 40-inch convex glass 
for tho distinct pisrception of distant objects ; after instillation 
of atropine she could, with the naked eye, hardly see distant 
objects at all, but could so perfectly with an 8-inch glass. In 
the first inalance her hypermebropia was neutralized by two 

• Aa I shall iat^ir havn occasion to advert, to atlenglh. with adviineiiig 
uge otir tkcuttj of accoiuiiiuLliitioii dliitiiiitlieB : in old ]jrcsi)ii'0]iia siiliju'l* 
this precaution is thercforv unnocessajy. I mny, however, lieru ttat» I 
conBidor even in tnyopin, with a fiiir itiuouiit of acconimodAtiuiif it is advi*- 
aWe to first paralyse tlie ace«iaiiio(^fttion by fttrniiino liefore iJcteniiiiiiiiK 
the reducing glfltts, as I find putieiita rruqitcntly on fllut trial prefer loo 
Ugh glosaca, and might thus by tlicii- use acquire a hypunnctro|uc 
(wcommodntion, which would neesaaarily k'dd t-i diiuinution of their nomml 
MCommodttUon and conaoquont asthenopia. My obaen^otit-iw ii;,tdc wiih 
thcwo of Professor Donders, who hiu, in n tabulur vitw hfl gives of the 
rulatife ranj^ of accoiiimodalion of iLo tiiyopic eyf, pointed out its exccoiiivc 
positive viiliio f(ir low diigrepti of cciiivprgoiiuo of the eyftbnlU (for diatant 
«bjMte), and tlio Uttid abaento uf iii'yutive vabio — so that myopio pAtienta 
pOMOM no power al all of overcouiiiiji ibo wcakrat convex glacsca for 
dktanoe. Ptr farther infiiniiution on tliU latercsluig subject, vide JnA 
/. OpAthafirt. vL 1. 
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factors, (1) tho -^ convex lena, (2) the increased oiirvaturo she 
hersolf gave her ci-ystaUmo Icna by eonfcracfciou of tho ciliary 
miiscle^liy ker Rccc>inmotliit,ion, m a word; in the socnuil 
mstaticG wO destroyed this Inst factor by atropine, and t}i<ju we 
fouud she required, instead of a -iO-iach, an 8-iucli convex glasa. 
Therefore, ahe pTOvioualy accomniodated l>y a quantity equi- 
valent to tho difibrence between these two gltisses, viz.^ a 
lO-inch glttSB : i— j'o=iV- Thetotal hypermetropia of such a 
cnso is ^, tho luteid -^, the apparatt or vtaiiij'est ^. There 
are soven-at circnmstanccs which may lead to the suspicion of 
hypcTOiPtropia ; by a low-powoTBd oonves glass either im- 
proving, or, at any rate, not deteriorating vision for distajice, 
as it would in a Qormal or myopiu eye. In applying this test 
you must allow tho pntient to try the glaBa on for a few 
minutes, as he haa so accustomed himself to accommodate for 
distance, that he cannot for the moment relax even the vei-y 
slight iractiun of this oflbrtj which tho lowest powered convex 
glass is intended to supplant.* Convergent atrabiamuB and 
asthDHO]iia are commonly associated with hypermetropia {oido 
Cap. S.). All abnormally distant position of the near point in 
n young' subject \«, highly indicative of bypormuti'opia. Such 
eases are often misunderstood as "singular inatanoea of proa- 
byo]iia in young subjects." Their rationale is evidently that the 
patient using a great part of lis accommodatioii to neutralizo 
his liypennetropia, has a pioportionately small part remain- 
ing over available for its legitimate pnrpoHo of neutraliziag tho 



• MfUiyaet.heaijpio patients possess such powcta of accommoilittoTL tlwtthej 
can ti>AdaitiituaIlnpriiit 06 No. ICiitacotmiilemtile dUUttci?. TLis La, however. 
no proof Qi tho ttlisencc of hypomioicopia i tliia can onlj^be inlWed Ijj n 
ivmypx gk«s not iiBproYiny Tiaion for diBtancp, oftpr thf iMtillatMn nf 
'.itrii/'ine, t may liocii rttiriirk tlint in tliia way normal eyis miij bc-cunio very 
Rliyhtly Ljpennt tropic, iiriiliiilily from tin? atrnpine dostroyuj^' Iho tonicity of 
UiL- ciliitry muscle, iiuJ I Lliiiik I hfivo aiimJnily observod myopLi somewLat 
decreased liy the SiUiie ngeiit Of aS cases of hypernielropli, 38 were Elides, 
48 feiiuJua ; wlulit of SO wuieg of myopia the mmiliers of either sax wero 
preciftcly equid, TJiiB ptvpoiidcmnce of Ihe fi^iiiiiJo acs in hyptmtel.rupin is 
pcubiibly triorcj ;i[i()iirciit tJiim reiil. Tiio pnlJcntji u-orc i>riiicipiil!y linspitjil 
ones, an-l of theae the ocoupatioiio of fuuuileB Ttould be more likely to causo 
tJieiB to. feel intonvrniftiM from Bfttbenopui (depcuding on typemietmpia) 
tbau Uiofle of uiul^t would. 
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dirergfenco of t!ie rays from near objects. A highly -iuterest- 
ing- toaL of myopiit or hypennetropia ia alTorded by tU© unequal 
refrftngibility of the diffa-Gnt colonrcd rays of the Bolar spec- 
trum. Slany dark violet (or cobalt-blue) stained glaseos only 
permit the blue and rod raya of Ugbt to paBa through them — 
the highest and leaafc refrangiblo rays of the spGctnun. If a 
moderately myopic oyo regards tho flame of a candle or of gas 
through Biioh a glassj tho red rays will bo nearly focnsaed on 
the retina, whilst the blue ones form large circlca of diOosioil 
on that atnieturo ; tho cons^qncnce is sncli a flamo appears to 
the myopic eye vloleUred, swrrmmded by a blue margm. To s 
bypertnotropic eye the flamo appears reddisli-blua surrounded 
hy a rcil mar-jin. 

How do wa detormine what glass ia roqnirod to neotraliise 
tho bypormctropia ? As far as 1 Imow, this is a mere matter 
of trial. In tbw practical treatment of a case yon must not at 
onco prescribo this neotraliziag glasa, bat begin with tho 
bighest that improves vision for distance, before the eye has 
been subjected to tbo action of atropino.* For you most 
remember accommodation for distanco has become au iustinc- 
tivB habit, not to be brcken by any such rude violence. You 
will find, if you watch a caee, that after a time this habit gives 
way, and thua by degrees you will liavo to inoreaso tho power 



* However, I hare net with caacs whtirGtboliypennetropic state of the 
<ye wns not ilemoiiBtmblo befoiD tin; action of a.lroj)i«e, so strongly mgmm«l 
huH liecnmB tho habit of iircomiiioilutiiig for dbtajicc. In ono cose a younff 
■woiJiiui rravcl mth her mJteil c^ycs No. IG c^iiaily nt 20 feet ! Yet ntropine 
reycalt'd un hjijornietroiiia of-j! In somo cases hypenuBtropic pntiuaCH, 
boforo nlro|>iu« haa bfori instiUatcd, even usaett that their risioii in improvod 
liy concave glaainj^ These, of oounu, iwid lo thpir hyperaiotropia, Imt 
mtly improve thoir vision by gtJiiiiiJiitiri^' them to an tixlni iiiaonnt 
l4]t;ouiTii»diitiun, not only Biillioi.<^iit tu »von;<>riie thix Nuppnvlilori artlficiul 
hypcniietmijia, but to still further enrrnct ih.-ir inhiTcnt hyinintii-troijia. 
iJoudcw tliiiilw Cho npjiarimt iuiprovcniL-rit of «i&ii>ii in 'hie to iho piktieul'e 
prcforrinir the »uiuiller retinal iiiiageB induced by tlm comaivo gham (I). 
JLa an cuiimplo I may tinolo the unse of a yoiing wouitui. 16 yean old, 
who BiifTi-re'd from a3lh<'no|iic *jinploiiis, and dcclurci, bcforu ittropiiic 
K wmi iLppliod to her pyc*, her visioii for diitliuico wim impnivitl liy 24-inoli 
B toiuviva : hilt after atropine, actually r«niired IS-inch convua to read chiB 
I tyiK> dhc read before fttropine. Sucli ca»ca, of which wo muat be on out 
H guard, are casus oftlic nu-uUled " Bposm uf oocouimodiilioiL" 
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of tjie glasses tho patieut wears, till iiuclt ones are at last 
rcacliod wliich completelj" neutnilizo tJic cutirc Lypormctropia 
present. As in myopiaj eacU eve niuat bo cxaiujuccl sepa- 
rately, and then the two together. Thus, iu a case I found 
one oye had a hypeniietropia of J-, tlie other of -^t; wliilBt, 
ill tliroe cases, one eye was normal whilst tb& otter was lijper- 
metropic. 

Tlie question, in how far glasses for distance are available 
for ueai; ohjects, deponda (1) ou the total amount of accomnio- 
datioD the patient possesacs, and (2) on how much of this he 
lukbitiuilly expends in the neutralization of his hypermotropia. 
This is practically determined thaa : — Lot the patient (bis eyes 
not being andor tho influence of atropine) havo on the 8ti-ongos6 
convex glasses he can bear for distant objects ; tiiCQ lind with 
these ghisses on tie neai-eat point of distinct vision of a soiall 
type. If this distance varies anywhei'e between fl — 5, or loss 
inches, ho has a fair amount of accommodation still at hia dis- 
posal for itfl legitimate object (tho neutralization of the diver- 
gence of the rays), and he may use the same glasaes for near, 
as for distant objects. But if tho patient's near-point with 
his distancc-glassos on is, say, 20 inches, he has ooly^ 
accoramodation at his disposa.1 for tho purpoeea of reading, 
writing, &c. Let the distance -glasses, e.g., be ^ power ; then 
with glasses of 7 inches focas {^ + 8 — ^=^') the person will 
be able to read, &.c., at 8 iDchea by using all his accommoda- 
tion, and at. such convenient distances as 10, 11, or 12 inches 
by only a partial es]ienditure of that fonction. 

No one could a, jirurri form any conception how common a 
disease hypermetropia ia. In 166 cases of abnormal refraction 
of tho eye, 1 find 80 of myopia, and 86 of hypermatropia. 
The truth is, mauy i<( thci^e latter pass unrecognized, a.nd somo 
of tho hj^lier clfgrees are miatalson for enigmatical csiscs of 
myopia, as the patients not uncommonly hold objects close to 
the eye to see them distinctly, and yet ore not only not im- 
proved, but actuiilly made worao, by a concave glass. They 
do this, I think, to correct tho defectivG refraction of the oye 
by tho conseutaneo-u9 contraction of the pupil. If you make 
your own eye artiScially hypermetropic by a. concave glass, 
you will find youj' sight coueiiderably impaired, but may at 



60 OPTICAL DEFECTS OF THE ETE. 

once restore it by a pin-hole aperture, the rationale of which 
has already been explained.* Donders thinks these patients 
seek to increase their accommodation by increasing the con- 
vergence of the optic axes, but seems to ignore the simulta- 
neous, greatly-increased ratio the divergence of the rays ac- 
quires by this approximation of the object. 

Independent of the aboTe subjective symptoms, there ia a 
diagnostic objective one of the presence of hypennetropia. 
The direct image of the fundus ocuh may, if the observer'a 
own eye be normal or myopic, be seen without any concave 
eye-piece. In 45 cases of which I possess ophthabnoHcopic 
notes, I find in 32 the fundus ocidi was perfectly normal ; in 
8 next the optic entrance was a narrow black pigment line ; 
and in 4 cases a staphyl. post, was observed, not distinguish- 
able from that so generally met with in myopia. As the eyes 
of myopic patients are often fuller than natural, so those of 
hypermetropic ones are more sunken and less. 

* The same holds good for the disturhing influence of a convex ^itsa. 
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TP, for tlie snlto of prcoiaion, wo cftll tha contre of the cornea 
-*- the anterior pole of the eyehall, the coireBponding point 
at the bock of the globe its posterior pole, then a circle passing 
through both poles is a. " meridian."* Iii general, it wim 
assuiBed that all tho mcridiaiis of tho comoa were circles of 
equftl curvature, and that, conaequently, tho cornea retracted 
equally in all its meridians. Such, however, is not strictly the 
fact. The cornea has been clearly proved to be not the 
eegmcnt of a sphere, but of an ellipsoid, with three unequal 
&K08, the long (antero-posterior) axis corresponding to the 
OJOB of the globe ; whilst the othor two oaoa are — one, tho 

longer, u a. rule, horizontally, the other, the shorter axis, 
BiUy disposed. The coni^ertuence of this is that {with 
Eod a<;cDumiodatiou) TcrticoJ aud horiisoutal rays of light 
hiive two (liH'ereut loci. To seo a vertical line distinctly, nil 
tho honzontal rays em»nating from it must bo accurately 
foeussed on tho rctinti. The vertical rays have no such 
neccEsity, for the circles of diffusion roaulting from imperfect 
fuonssing overlap one another, so as not to interfere with the 
definition of tho lino, excepting at its opper and lower pnda, 
MilUiUh vinttuuVs, tho aaniD facta hold good as regarfh* the 
accurate perception of horizontal lines. If wo now, on a pioco of 
cardboard, draw a Bot of verticid aud a ainiilar set of horizontal 
lines, accurate obsorvatiou shows tliat very few eyoa are able to 
perceive both setd at the same time with the same degree of 
distinctness. This proves that fen>v, if any, eyas possess the 

• If -wo cull ft line pR»ing throiij^Ii Hw 5f'llow spnt nnd the CMitp? of Hic 
eyeliall ilie opliu nxia ; nuc inviting Ihrmigli tiiie curitru of the conu'a, niid tin.' 
»«nlro of the eyoball the gtoWs uxis ; then in pminfttwipic eyes the *ptic 
axU ciitB Ihc )|IoW* axis to Uio ioner s\ie «r till? i-ornvft'H ivntro nt about 
an avernge angle of 5*, la myopic eyes uf 2°. in hyp^nnctropic eyoa of 7'- 
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■une FocDS for homontal and vertica] pencila of Hgfat. This 
ineqtiAlitj of rdracCire powtir of the dtSerent meridiana of tfae 
eyeball was named by Vrcfyeaor Whewell " Astigmatism " 
(from a, privative, and arJypa, points focus). Astagmatism ie, 
then, a normal state of the haman eyeball; bat it exceptionally 
amoonta to 80 enbstantial an optical def^t as to require treat- 
ment, and in this Bense only we shall hereaAer employ the term 
in qaestaoD. Up to the time of Donders's recent researches, only 
deren cases of astigmatism had been recorded during a period 
of Dearly eoreaty years, Thomas Yonng, in 1793,* wa^ the 
first to diacovor this defect in his own eye. This, " in a stato of 
rdaxataon, collects to a focns on tfae retina tho&o raya which 
divarge vertically irom an object at the distance of ton inchus 
from ihe cornea ; and tho rays which direrg^ horizontally from 
anolject at seven inches distance."f Consequently, the re&ao- 
tion of his (^lobe was greater in the horizontal than in the ver- 
tical meridian. In 1 827, Professor Airy published a remarkable 
in&tancc of the same anomaly in his own (left) eye-t It will be 
readily understood that astigruaiisni may ensue fi-om other 
cauaea than those of an ineqaality of corvatnre of tfae meridians 
of iho ooniea. The same inequality in the curvature of the snr- 
fiico!) of the lena, any abnormal position (or dislocation) of this 
latter will produce astigmatism. Mauy persons who wear glasses 
are doubtloiialy constantly astigmatic from tho slanting positions 
the lon«o8 of tho»o glussot: acquire from imperfect adaptation uf 
the fminea, or from theii" bending, by tho habit many persons 
have of ciirrying their spectacles carelessly in their pockets 
without tho case. Astigmatism may be recogniaed by the 
following signs ; — 

I. A defect in visual power of an optical nature not reme- 
diable by ordinary spherical leusos. A pationt presonts him- 
self with defectiivc vision. With or without ordinary glasacs, 
W the case may be, ho RdAs it impossible to read, say No. 10 
of Jager, at twenty feet. Tliis may bo due lo some organic 
or ftanctioun) diROiuie of the tisanes of tho giobo ; or it may bo 

* rhUosophicul TmiiBtKiliniui, vol, Ixxxiii. p. 169. 
■f niilcuKipliicol TntiHoutioiiB, for IBOl. 

J TruinutctiiouH or iJic Uauibiidgv PMtosopbiod Smoty, for 1637, vol iL 
p. 207. 
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due to aatigmatiam. To wHch of thene two oategorioa it 
l)elongs becomoa, then, a matter for further investigation. 

2, Por simplicity, we may regard the rays of liyht emitted 
from a luminous point as consisting of t^O sets — verticnl ami 
horizontal rays. If an. astigmatic Bye uuites either of these two 
seta accurately to a focas point ou the retina, the other aet forma 
Bi linear imiig'e (produced hy a seriea of circlea of diffusiou 
linearly digposed) on the rotinft, Thiia nn astig^matic patient, 
instead of perceiviiig a luminous point as a point, perceives it as 
a line, vertica-Uy or liorizontally disposed, according as, by hia 
accommodation, ho la focuaaiiig tbo borizoutal o^r vertlcitl rays 
respectively. But the refraction of the eye in question may be 
each as to prevent tho patient's bringing either of theso two 
sets accui'ately to a focus. In such a. case, where tho circlua of 
diffusion aj-g exactly of the same eizc, the Inminous point will 
appear as a circle of diffaBed light: in. all other positions between 
tho two linear images as an clhpao with its major axis, vertical 
or horizontal, according as the cii'clea of diffusion arising from 
the vertical or horizontal rays are the larger in area. But, aa 
will readily appear from a little refloction, wo can always find a 
lensj either convex or concave, which will unite the less or 
more refracted of tho two acts of rays. The direction of tho line 
observed by aid of tho convex lens represents that of the meri- 
dian of niajtimum cni'vatm-e (refraction) of the cornea, and vice 
versi't with the concave lens, Tho distance hctwoou thu two 
linear images is the " focal interval ■" of Sturm, and varies pro- 
portionately to the aatiguiatism present. All these facts may 
be beautifully illusti-att:d by obaoi'ving the foi-ms of Iho images 
thrown on a screen from a distant luminous point by a refractive 
combinatioa, say, of a 6-inch ordinary apherieal couvox Ions, 
next to which ia placed, say, a 30-iiich convex cylindrical lens,* 
With its ana, say, vertical. When the screen ia five inchoafrom 



* I find the TOBst convonicat amirce of ohtaininff a iTimmous piiiiiil is frtifd 
a nw.gic lantern, tlio light botn wliicli is iiUiiw-eil to pus^ tl3r<?iii;ti u pcrforatwl 
lilui-kone<l (li!iplirn{,nu. Tho ejlindi-ical kms in qiieatioti (as wiU lie hereafter 
fiilly e.-ntlaiiK'sl) rofnictn nil tliu liomimtiJ rays of tlie liinurious ptjuii to n. 
fucnaiibaip incliM, whilst. rail tho vpriiwtl raies tiiidei'(fo no rel'imtiou whatever, 
but [K1B8 tliruujch [wrreftly LitK^himged iii their dircttioni. The ncrttn ill our 
experiment rq)re*t'iit« the retina. 
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this compound lena, the horizontal rays will be accurately onited 
to a focos, having been refracted (1) by the 6-mch spherical, and 
(2) by the 3D-inch cyUndrical lens (i+^=i). The vertical 
rays, on the other hand, are in progress of union to a focus, but 
are not yet united, and will, consequently by their circles of 
diffusion, produce a vertical line on the screen. When, on the 
other hand, the screen ia six inches from the compound lens, the 
vertical rays are united to a point, whilst the horizontal ones, 
having been already united at five inches, as above, have 
diverged again, and form a horizontal line on the screen. In an 
intermediate position, between five and six inches, the image ia 
that of a circle, whilst in front of this circle it is an eUipse, vrith 
its major axis vertical ; behind it, one with its major axis hori- 
zontal. If we suppose the screen to be fixed, as the retina is, say 
in some position intermediate between either of the positions 
necessary to exhibit either of the two linear images, a little 
reflection will show that, by means of an appropriate convex 
or concave lens, we may throw forwards or backwards the 
entire system of images in such a way as to successively bring 
the horizontal or vertical linear images on to the screen. Or 
we may suppose the screen fixed altogether in front or alto- 
gether behind the limits of the two lines (the focal interval). 
In the first case (one of inequality of hypermetropia in the 
two meridians), an appropriate convex lena wiU evoke a ver- 
tical line, a still stronger one a horizontal line o& the screen, 
and vice versa in the second case (one of inequality of myopia 
in the two meridians) ; and these experiments Eire most in- 
structive, and agree very accurately with what is observed in 
most cases of marked astigmatism. 

A consideration of the above facts wiU explain all the 
various appearances a luminous point may assume to an 
astigmatic eye, with or without the aid of an auxiliary lens. 
In all these experiments it is absolutely necessary that the 
patient should hold the head perfectly vertically, as the direc- 
tions of the linear images vary according to the inclination of 
the head. 

3. The inability to perceive vertical and horizontal lines at 
the same time with equal distinctness. The rationale of this 
has been before considered, and is a mere case of linear 
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^ggi^gation of luminous points. Aa from (2) may be inferred, 
the indistinct set may be rendered distinct by an appropriate 
spherical lens, when the set previously distinct becomes in- 
distinct. 

4. We may destroy the astigmatism by letting the patient 
see through a narrow sht (about two millimetres broad) ; this 
permits only the vertical or horizontal rays of objects to strike 
the cornea accordingly as it is held vertically or horizontally. 
By far the most practical way is to test the far-point in each 
meridian by a small type, with an auxiliary convex lens, by 
the method detailed at p. 47. I am indebted to Mr. Windsor 
for this practical hint. We may thns investigate the refraction 
of each meridian separately : this may be normal, myopic, or 
hypermetropic (the latter two may be of different degrees), so 
that we may (theoretically) have eight different varieties of 
refraction of the cornea. The most common case is for the 
cornea to have its maximum refraction in the vertical meridian, 
as in Airy's case^ but it may be in the horizontal meridian, as 
in Young's, whose case is further exceptional in the astig- 
matism having been due to some irregularity of the lens, 
whereas it is in by far the vast majority of cases due to some 
irregularity of curvature of the cornea. 

5. Astigmatism may be remedied by cylindrical lenses, 
always presupposing that any general optical defect of the eye 
has been previously corrected by its proper spherical lens. 

A spherical lens is a segment of a sphere, and refracts the 
incident rays of light equally in all planes of the segment ; a 
cylindrical lens is the segment of a (?^linder, and refracts rays of 
light moat in aplane at right angles to the axis of the cylinder, 
of which it is a segment, whilst those rays of light which strike 
it in the plane of the axis, undergo no refraction whatever. For 
the sake of simphcity we may therefore restrict our considera- 
tions to these two directions — that of the axis and that of the 
transverse diameter. A C-inch convex cylindrical lens means 
one which refracts a pencil of parallel rays, thus: (1) those which 
strike it parallel to the transverse diameter of the cylinder are 
focussed at G inches from the surface of the lens (2), those which 
strike it parallel to the axis of the cylinder are not focussed at 
all by the lens, but pass through it refracted not more than they 
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would havo been by passing through a piece of plane glass. 
Of a pencil of parallel rays striking a 6-inch concave cylindrical 
lens : (1), those which impinge in the plane of the transverse 
diameter acquire thereby a divergence as if they had proceeded 
from a point 6 inches from the surface of the lens, whilst (2) 
those which impinge in the plane of the axis retain the same 
direction they had before impaction. It is thus apparent that 
we in cylindrical lenses have (as was first pointed out by Airy) 
the means of Correcting the refraction of one meridian of the 
eye, leaving the other in its original state — of correcting the 
astigmatism.* 

The following cases are illastrative of the facts and prin- 
ciples above laid down : — 

Case VII. — Mijopic Astigmatism (^) due to Xfndiily High 
Curvature of the Vertical Meridian, remedied by a Cylin- 
drical Lens. 

Mr. A., cct. 24, consulted me for acute aathenopic symptome, wbich 
had become more especially severe during the time he had been read- 
ing hard for a University degree. He had for niiiny years worn concave 
glasaes, which he hid found it necessary to change several times for ones suc- 
cessively stronger, till he at last used ones of 5 inches focal length. There ^ras 
no marked insufficiency of the internal recti muscles. Before e}:amiiiiug his 
eyea with the ophthalmoscope, I expected to tind extensive staphyloniata 
postica, if not more serious organic lesions, of the fundus oculi But to my 
surprise the appearances were altogether at variance with the apparently high 
degree of myopia present. In truth there were hardly any appreciable devi- 
ations from the nattirat state of the fundus, nor watt the indirect image 
definable without the use of an object lens. 

This led me to suspect the presence of astigmatism. 

Lift eye.~^) Witi a 6-inch concave at 8 feet vertical lines appear veiy 
mdistinct, horiMutal ones distinct, and vi/x versa with a 14-inch concave. 

(2) With a 4-inch concave at 8 feet a luminous point appears as a narrow 
horizontal line, thickened at its centre with a 12-inch concave as a narrow 
■vertwU line. 

(3) Further investigation showed that the eye was myopic in the hori- 
zontal meridian to a - 



* A complete set of cylindrical trial-lenses may be procured of Murray & 
Heath, 143, Piccadilly. 

t The numerical di.'icrepanciw in observations (1), (2), and (3) are probably 
due to variations in the patient's involuntary accommodation. 
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With a combination of a 10-inch Bpherical concave and a 20-iiich cylin- 
drical concave (axis horizontal) the appearances (1) and (2) disappeared, and 
bis visTial power was acaeliy double of that with his old glasses on (from 8= ^ 
to S=^). Por at 8 feet with a 5-inch concave on he only read "^XX ; with 
the above combination he read XV. 

The right eye was also aatigmatic, though not to quite bo high a degree as 
the left. 

This case is interesting from its singular completenees, illustrating, aa it 
does, nearly all the preceding observations in a truly practical manner. 

Case VIII. — ■Myopic Astigmatism {^) Limited to the Right 
Eye. — Ohlique Position of the Axes of Curvature. — Appli- 
cation of a Cylindrical Lens. 

Wm. M., a painter, applied at the Ophthalmic Hospital, Southward, in Sep- 
tember, 1863, on account of his sight gradually failing him, especially in his 
right eye. He had never had any symptoms of lead-poisoning, excepting 
sli^t wrist-drop. Notwithstanding this his &ilure of sight had been attri' 
buted, by a well-known ophthabnic surgeon, to lead. 

On testing bis vision I found that with a 1 1-inch concave to the right eye he 
read No. S3 at 20 feet ; with the left eye No. SO ; but with a 34-inch concave 
So. 18 at the same distance. 

The opththalDioscox>e disclosed evidence of subacute retinitis in both tiindi, 
and a singularly distinct and extensive pulsation of the retinal veins in both 
eyes.* 

After treatment of the retinitis, his vision improved in either eye-; but 
still that of the right eye remained almost as defective as before, tOl at last we 
b^an to suspect the presence of astigmatism, which was completely established 
by the following observed facta : — - 

Sight «ye.— At 8 feet with a 9-inch concave sees vertical lines somewhat 
plainer than horizontal ones ; with a 12-inch concave the reverse. With a 
12-inGh concave a luminous point assumes the appearance of a point with 
two linear expansions directed upwards and inwards, at an angle of about 
20° from the vertical With a 12-inch concave spherical, plus a 20-inch 
concave cylindrical lens, its axis inclined as above, he is enabled to read 
No. 19 at 20 feet, although with either glass alone he cannot read No. 23 
with any degree of certainty. 

If he with a 9-inch concave regards a series of bnes inclined at about 20° 
to the vertical, and a second set at right angles to these latter, both set 
appear equally distinct to him. An oblique position of his head, or of the 
concave glass, produces the same effect. 

* Since my attention has been drawn to this fact, I liave found pulsation 
of the retinal veins a by no weans uncommon incident to the normal fundus 
oculi. 

F 2 
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The inference to be drawn from, the above facts is that in the right eye 
there is a general myopia, of tVi with a second superadded rajopia of Vs 
(constituting the astigmatism), in the upward and inward meridian of 
the globe. 

October 24 (dull day). — Oe. d. with his cylindrical concave now only reads 
23 — both papillffl opticie red, staphyloma post, (inwards) in left eye,*less 
in right eye ; pulsation of veins still seen. 



Fio. 27. 



In several other cases of astigmatism, which I have inves- 
tigated, I have found that the principal axes of curvatnre 

deviated more or less from the vertical 
and horizontal directions. I have also 
oheervod that astigmatic patients are 
remarkably sensitive to the slightest 
deviation of the axis of the cylindrical 
glass from that which most com- 
pletely corrects the asymmetry, the 
least change of position of the axis at 
once lowering the acuteness of vision. 
It is therefore not only scientifically, 
but practically necessaiy to be able to 
determine and note for the guidance 
of the optician the precise angular 
position of those axes. 

The inatmment [Astigmometer] 
(Fig. 27) for this purpose consists 
essentially of a circular shallow white- 
metal coll {c), into which the cylin- 
drical glass is adapted by a collar (k) . 
The cell is graduated in half its cir< 
cumference into degrees, commencing 
at 0," and extending on each side from 
0° through all intermediate degrees 
to 90°. The cell is revolvable by a handle {h) at the 
opposite point of the circle to 0°, around a fixed second brass 
circle (c') ; this latter is fixed to the stem (S) of the instru- 
ment, so that it can be held by the hand of the surgeon 
in front of the patient's eye (e). The circle (c') has a notch 
(n) corresponding to its uppermost point when the instrument 
is held vertically. In nsing the instrument, the cell (c) is 
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first brought by the handle (h) into such a position that 
0° corresponda exactly to the notch (n) ; the cylindrical 
glass is now dropped into the cell (c), bo that the axis of the 
lens correaponds to n and 0°, and is fixed in this position by 
the collar (k) which, to avoid any angular displacement of the 
lens, slides — not screws — into c. The instrument being now 
held vertically before the patient's eye in the same plane aa 
the cornea, the handle (/() is turned round till the greatest 
definition of vision is obtained. The inclination of the axis 
of the lens is now read off by seeing to which of the degrees 
on c, n corresponds. 



Case lS..-^Myopic Astigmatism (J^) in the Vertical Meridian, 
remedied by Cylindrical Lenses. 

Hannah M., aged 24, a tailoress, consulted me at the Ophthalmic Hospital, 
Sbuthwark, is September, 1861, on account of asthenopia, &om which she had 
suffered for the last ten years. The symptoms were dimneaa of vision, a 
sensation of " burning " in the eye-balls, congestion, and lachrjmation, all of 
which came on after reading, &c,, for a, quarter of an hour, or aft«r five 
minutes, if she had previously been hard at work at her business. I found 
that No. 22 waa the highest type she could read at 15 feet distance ; and 
finding that no glasses, either convex or concave, enabled her to read any 
lower type, I, after a month's ineffectual treatment by tonics, eye-waters, rest, 
&e., gave her case up in despair. 

On the 13th of February, 1862, I desired her to call on me, with a view of 
seeing whether, perhaps, her symptoms depended on astigmatism. 

Repeated ejiaininations yielded the following results with each eye :— 

1. On requesting ber to regard a luminous point of two millimetres' 
diameter, and placing a 30-inch convex lens before the eye, she, after a time,* 
declared it appeared to her as a narrow vertical line. 

2. On her regarding a series of black, vertical, and horizontal lines at about 
8 feet off, she saw the vertical ones perfectly distinctly, the horizontal ones 
very indistinctly ; a 16-inch spherical concave glass reversed the order of 
things — the horizontal lines then became distinct, the vertical ones 
indJBtinct. 



* la experimenting on my own eyes with cylindrical lenses, I have observed 
the phenomena of astigmatism of a luminous point never appeared perfecti 
till a sufficient time was allowed for my accommodation to settle down into 
one constant condition. 
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3. With the naked eye, at 12 feet, she could read no lower than XX of 
Soellen'a Types ; but mth a cylindrical concave lens of 16 inches' focus, she 
read XII. Thus, her "sbarpness of definition" increased from -tJ (=f 
nearly) to 1— became, in fiict, absolutely perfect. This only occurred, how- 
ever, when the axis of the cylindrical lens was transversely placed : if 
vertically, she could hardly see at all. In order to eliminate all source of 
error, I tried the crucial experiment of placing an ordinary (spheric^) 
I6-iuch concave glass before the eye : thia only made her see worse than 
with the naked eye. 

I then found that she, with her cylindrical glaasee, could also read an 
ordinary printed book at a usual reading distance without feeling any fatigue 
in the ey^. 

Both eyes, on careful examination, proved to be equally astigmatic. 

From the above it follows that this patient's eyes possess a normal re&ao- 
tion in their horizontal meridians, but are myopic (Vs) in the vertical ones, 
her astigmatism equalling iV- 



Case X. — Hypermetropic Astigmatism {■^) of Left Eye. 

ISbxj D., ffit. 49, consulted me, on November 15th, 1862, on account of 
asthenopic symptoms. After repeated examinations, I found that she was 
emmetropic in the right eye, but that in the left eye there exbted an byper- 
metropia of -^ limited to its horizontal meridian, as evidenced by the follow- 
ing facts ; — 

1. Horizontal tinea at 8 feet appear to her more distinct than vertical ones, 
and vice versd with an 18-inch convex. An I8-incb convex, cylindrical, aids 
vertical, makes both set appear equally distinct 

2. With an 18-inch convex a luminous point assumes an oval shape, the 
axis being slightly ont of the vertical. 

3. With an 18-inch convex, cylindrical, axis vertical, her visual power (vide 
Case Till.) ia doubled. She is also presbyopic with either eye to about 

» V»- 

With glasses corresponding to the above &ct8 she reads No. 2 at 11 
inches, without- any asthenopic symptoms. 



Case XI. — Hypermetropic Astigmatism. 

In May, 1863, I received a letter from a British physician in practice in 
South America, giving a very lucid description of his case, which I transcribe, 
as far as possible, in Ms own words : — 

He ia 30 years old, and had suffered from childhood from weak sight, and 
had never been able to read by artificial light anything but the largest print ; 
but up to within the last four years could read the Tvme», including adver- 
tisements, without glasses. Being obliged to write at night, he began to use 
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sUghUf convex ^ames, which enabled him to see more rleu];, but nlwajs 
magnified objects. Finding his si^t became weaker, even by day, he gia- 
dofllly continued the use of glasses by day, and now ctumot read even « 
leading utide in the Timet without them, and for not longer than twenty 
laiantea at a time. On repeating Ute experimeutB of BBtigmatifim, he obtained 
the following leeoltB : — 

1. A luminoofl point was ctmveited into a vertical Une hj an 6-inch 
convex lens. 

2. At 6 yards he aaw horizontal lines plainly, vertical ones not at all, 
merely a grey colour la t^eir place. With a 6-inch convex lens, the defini- 
tion of the lines was reversed. 

He further on sajB : — " I had long known this peculiarity of my sight. . . 
After half-an-houi's reading I am unable to distinguish m tcora n, or the 
Roman number III. from II. ; andlookingat our town clock from a distance, 
I can see the hands when they point to IX or III., but not when they are 

directed towards XII. or VI All kinds of stuifa, cloth, &c., when 

striped verticaUy with black appear to me grey, unless the lines are far 
astmder, and then they dazzle me." He then very correctly diagnoses his 
case Oius : — " From these observations I have concluded my refraction is 
natural in the vertical plane, but presbyopic {Aould be ^hypenMiropic') in 
the horizon toL" 



Cas|1 Xn. — Compound Hypermetropic Astigmatism Limited to 
Left Eye. — Hypermetropia of Vertical Meridian—-^, of 
Moriaontal^\. Vide similar case in Dondera' Tract, 
p. 109. 

, James B., set 13, asthenopic for three years. 

1. Eight Ete. — Hormal ; reads 19 (Jager) at 20 feet ; glasses produce no 
effect. 

S. Left Eye. — Beads no type at 20 feet ; with IC convex 23, and at 3 
feet horizontal lines much clearer than vertical ones. 

Rttult* after Pwralygin of Accommiodalion by Atropine (jr. h. ad. Jj). — 
Beads at 20 feet no type, with 14 convex 23. Appeurances of a luminous 
point at a few feet ; with 8 convex as a line pointing upwards and inwards 

^'"--.^j^ ; with 14 convex as a line pointing upwards and outwards w^^ ^ ; 

with 14 convex spherical and 14 convex cylindrical (axis upwards and inwardM) 
the point appears round. With this last combination at a few feet horizontal 
and vertical lines appear equally distinctly, and 32 is read well at 20 feet. 
With the ophthalmoscope the direct image is seen well without an oye-pieco ; 
the outer edge of the optic entrance is raffed and ill-Jefined, with a few 
granular pigment spots. 

In this case I have reason to believe that a third meridian of a«tigmatiMin 
exists, but up to going to press I have not yet bad time to inveiitigate it. 
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WUlst tiieee sheets were going through the press, ray 
attention was attracted to a veir interestiiig paper on astig- 
matism, by Javal {Annuleg d'OeuIutiqut, for January and 
Febrnaiy, 1865). The following extract contains a new 
method of determining the existence and amount of as- 
tigmatism: — 

" 1. M<iw>mlar Dmoiulralirni. — Drav a cirde vith isdii 15' from each 
other, and let the patient riev this S^jre throng a lens, which, for the sake 
of pvcisioD, I will sappose to be a 3-iiich one. Withdraw the figore gn- 
doally, tiD all the lines become dim, or disappear, excepting one. Then try 
all yoor cylindrical otmcaves, one after the other, beginning with the lowest 
powers, with their axes perpendicolar to the radios, which has remained 
bbck, till yen hare fonnd the ^aas whidi makes all the nulii equally blacfc. 
Yoa hare then at once diagnosed aetigDiatLsm and determined the number 



Fig. 2a. 





and position of the correcting gkas. . . . For evety person with binocular 
vision the following procedure is much more preferable. 

" 2. Binocular Determination. — We now add before the other eye a 
lens and a circle, identical with the preceding ones, the circle being firet at 
the focal lengths of the glasses with their centres as far apart as the distance 
between the two eyes. The circles cannot be fiied, exceptiiig the risual 
lines are parallel and the head etiaight. The relative position of the visual 
lines being a fixed one, this sufficiently guards against any changes of 
accommodation. 

Thiit the patient may readily say what he sees, the radii are marked with 
the wuiio numbcni aa the hours of a watch, and these numbers not being 
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seen by the Bame ejB as tlie radii, afford a constant test of binocular 
■rision, 

" M. Nachet haa constnicted an apjtaratuB realizing the above conditions. 
By a simple mechanism the circles may be moved forwards or backwards, 
or the lenses may be decentrated, so as to always face the two images, and 
in less than a minute the whole series of cylindrical glasses may be submitted 
to the eye in any desired position " 
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CHAPTER VII. 

PBESBTOPU. 

rilHE normal eye of a young subject can generally accommo- 
-^ date to as close a distance as four inches, and even closer. 
But, as every one knows, persons in advanced years are, if 
they do not use glasses, obliged to read, work, &c., at a 
considerable distance from the eye. In other words, their 
near-point has receded. If you were to be guided solely by 
the etymology of the word presbyopia, you might be led to 
believe this recession of the near-point only occnrred in old 
persons ; but the fact is, that it commences in early life 
(according to Condors, from the tenth year of age), progres- 
sively increases, but does not come to be felt as a substantial 
annoyance till after about the fortieth year. For practical 
purposes it is best to take presbyopia in this limited sense. 
When shall we, then, say presbyopia commences ? Bonders 
says, when the near-point has receded beyond eight inches 
from the eye ; I think about ten inches would be a more prac- 
tical standard. However, the chief circumstance I wish 
you to observe is that the definition is a purely artificial one, 
founded on the conventional exigencies of life. Indeed, pres- 
byopia might be said to vary with the pursuits of a person ; 
for, accordingly as these demand a greater or less closeness of 
vision, will he, or will he not, feel any inconvenience from his 
defective accommodation. In this sense, for example, a tailor 
or a student becomes presbyopic at an earlier age than a 
eeaman or a soldier. 

The estimation of the amount of presbyopia in any given 
case will now claim our attentive consideration, as it affects 
the three classes of eyea. 

1. Presbyopia in Normal Eyes. — Let a person be able to 
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see with his naked eyes distant objects, but not near ones 
distinctly any closer than, say, fourteen inches, what amount 
of accommodation does he possess ? — Answer : -^ {vide 
supra). 

There is one objection that may be urged against this 
method of estimation, viz., that the convergence of the eyes 
for fourteen inchea is too low to elicit all the energy of 
accommodation the patient is actually endowed with. We 
may, however, control our observations by putting the patient 
on a pair of strong convex glasses — say a 10-inch pair — and 
then seeing how mnch nearer he can accommodate than ten 
inches from the glasses. This was the plan adopted by 
Macgillavry ; * as the learned author of an elaborate 
article in the 57th vol. of the British and Foreign Medico- 
Ghirurgical Review very justly observes, — " It is advisable not 
to use too strong glasses, for, owing to the increased size 
of the image, the circles of dissipation are not so soon 
perceived." 

According to our assumed standard neM'-point of eight 
inches for the commencement of presbyopia, the minimum 
amount of accommodation a person must possess not to be 
presbyopic is ^; but in our supposed case he hi^ only ^j. There- 
fore the difference between these two fractions: |- — i'jStV 
(nearly) — expresses the deficit of accommodation — the pres- 
byopia — the patient labours under. For distinct vision at 
.eight inchea he finds himself Tninus such an amount of accom- 
modation as is equivalent to a 19-inch convex glass lens.f If 
we, therefore, artificially supply him with such a lens, we at 
once correct his presbyopia, always with the proviso that, if he 
himself at the same time employs all his natural accommoda- 
tion (^), he will then be able to read, work, &c., at eight 
inches. Few persons, however, would be able to endure such 
a strain on the ciliary muscle for any length of time without 
fatigue (asthenopia) ; but, on the other hand, few persons 

* Onderzoekingen over de Hoegrootheid der Accommodatie. Utrecht, 
1658. 

t Convex glasses in presbyopia act in two ways : (1) they increase the 
divej^ence of rays, (2) th^ magnify. We always fiad patients can read a 
larger type with them. 
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desire to employ their eyes continuously for so close a distance 
as eight inches. For such convenient distances aa 10, 11, or 
12 inches, convex glasses of 19 inches focus will answer 
admirably without overtaxing the patient's natural power of 
accommodation. Thus, e.g., for reading at 12 inches he will 
only have to use -^ accommodation, which ia about half of the 
entire amount he has (^: -^z:^ : 1, nearly). At 19 inches 
off, with his presbyopic glasses of ^ on, ha will, of course, 
have to entirely suppress his accommodation. Beyond that 
distance he will not be able to see at all (nor will he require 
to do so) with his presbyopic glasses on.* If 7= the pres- 
byopic'a natural accommodation, the glass he requires is then 
given by the formula, |-— i=i, where /=the focal length of 
the required glass. This result of theory must, however, 
always be checked by actual clinical observation. Aa a rule, 
on account of the convergence of the optic axes, the patient 
generally prefers a lower glass than the one given by the above 
formula. I may say, generally, that in prescribing a pair of 
glasses for a presbyopic, your object should be to reinforce his 
defective accommodation by convex lenses, Neither so strong 
as to supersede his own remaining natural accommodation, 
nor so weak as to tax it further than it admits of. The 
following table from Dr. Kitchener's " Economy of the Eyes " 
may give a general idea of the glasses required at different 
periods of life : — 



Yeue of age. IdcIih of focus, 

40 36 

45 30 

50 24 

B5 20 

58 18 

60 16 

65 14 



Yesre nfige. Incbei of focn*. 

70 12 

75 10 

80 9 

85 8 

90 7 

100 6 



Bonders gives a similar table of what glasses are required 



* I have, at the risk of being prolix, adduced these various illus- 
trations of presbyopia in order that the reader, by perceiving their several 
tniths, may satisfy himself that he has thoroughly understood the poiuta 
at issue. 
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at different &gea in emmetropia, with normal acuteuess of 
vision and accommodation, for writingj and for reading or- 
dinary type. 
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" Colnnm b gives the glares required for E (Emmttropw.), proved at the 
moment ; c for E in youth, and therefore for S {Hypermetropia), acquisita 
at the time of observation ; in both cases the diminish H acuteness of vision 
belonging to the time of life ia taken into account ; d indicates the distance 
-which IB preferred for vision with these glasses ; e, finally, the space through 
which they admit of acute vision, that is from fi, with the least, to P, with 
the greatest eonvei^nce (2"=^ — j-)."— Bonders' work on Accommoda- 
tion and £clractios, p. 220, 1. 

2. Presbyopia in Myopic Eyes.* — You will in practice find 
that all the higher myopic eyes, as a rule, are more or less 
deficient in accommodation — more or less presbyopic, we might 
almost say. But presuming we adopt our previous standard of 



* Mr. White Cooper quotes several cases of the kind at p. 101 et aeg. 
of his treatise " On Near Sight, Aged Sight, &c." — a work which, although 
not up to the knowledge of the present day, may still be advantageously 
consulted on many practical details in the management of cases of defective 
vision. 
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presbyopia, it is clear that the tenn is inapplicable to all degrees 
of myopia above ^ ; for their far-point ia already less than 8 
inches, and a fortiori their near-point. But when we come to 
deal with low degrees of myopia you will find, at a certain age, 
presbyopia a very usual concomitant. For example, a person's 
eye presented thia combination — (1) the far-point was 20 
inches; (2) the near-point 12 inches. On account of (I) the 
patient is myopic ; of (2) he is also presbyopic. He ia short- 
sighted and long-sighted at the same time. His far-point is 
too close ; his near point too far. In fact, hia range of distinct 
vision with the unaided eye is comprised in a line of 8 inches. 
His power of accommodation, j; is -^ — tv=-^* What glass 
would the eye require (abstracting ourselves for a moment 
from the co-existing myopia), using its entire -^ of accommo- 
datiou to read distinctly at 8 inches ? 

Ill , 

8 30 lOi^ ' 

a convex glass of 11 inches focal length, therefore, corrects the 
presbyopia, but we must also correct the myopia (of a ^). In 

other words, from jnTjwe must subtractgfjwhichgives g^nearly.t 

A convex glass of 24-inches focus is the glass required to 
correct simultaneously the presbyopia and the myopia. Grene- 
rally, if f = the patient's accommodation, ~ his myopia, the 
glass required to neutralize his presbyopia and myopia together 
is given by the formula i-(r+^) = ^, F being the focal length 

• The rationale of this formula is as follows :^If the eye were a notmaJ 
one i- would ^ rV But we know the eye's refractive power ia too great by 
a quantity =a I'o (<^on vex glass lens). Thus part of the -rV ^ really due to 
this nV We must, therefore, subtract this ,'„ from the t^, in order to esti- 
mate the amount of active accommodation the patient hon& fide, posseaaea — 
indeed, the myopic condition of such an eye is by some authors considered to 
be the result of a certain portion of the patient's accommodation having 
become, so to say, jkred by partial spaam of the ciliary muscle. Correct the 
myopia (Vn) by a 20-inch concave glass, and the near-point is no longer at 
12 inches, but at 30 inches. 

t We may cany this out in practice by ascertaining the near-point of the 
patient with his reducing concaves on. This, in the above case, ia 30 inches. 
From -'g subtract Vdi and from the result Vo. and the final result wiU be t^, 
as l>efore. 
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in inches of the required convex glass. This patient reqnired 
a 20-inch concave for distance, a 24-inch convex for near 
objects. If 7+i is greater than J, j-is negative. In other 
words, the resulting fraction expresses the power of the 
c&ncave glass the patient will require for near objects. This, 
of conrse, will always be a lower power than the one he uses 
for distance. 

To take an example. Let j in a given case = -^, and ^ = 

^, then i- (i+i) = i- (-^+i^)=,4-i =~-h- This patient 
requires a 14-inch concave for distant objects, a 24-inch con- 
cave for near ones. 

These results of calculation applied to practice will be mostly 
found correct, but must, notwithstanding,' always be checked 
by clinical experience of the case itself. 

(3) Presiyopia in Hifpermebropic Eyes. — A little reflection 
will show that in this combination the amount of latent hy- 
permetropia ia too small to require being taken into account. 
Having ascertained the amount of the manifest hypermetropia 
present, we may, of course' from the position of the near 
point, readily estimate that of the presbyopia. For example, 
a person has a hypermetropia of y^, but with his 10-inch 
convex glasses cannot see nearer than 24 inches. To see at 
8 inches he will require glasses of ^^^-l-J— ■Jj= i, nearly; with 
5J-inch convex glasses to read at 8 inches he will have to use 
all of his natural accommodation {^'i), but does not for any 
distances further than 8 inches. 

What is the proximate cause of presbyopia ? It may be 
due to deficient power of the ciliary muscle or to increased 
hardness of the lens. It can hardly be called a disease any 
more than grey hairs or atrophy of the lower jaw. Bonders 
and myself have observed that with advancing age persons may- 
grow not only presbyopic, but at last actually hypermetropic 
(probably from loss of tonicity of the ciliary muscle), so as to 
require convex glasses even for distance. Porterfield (vol. ii,' 
p. 69} observed the same, "that long-sighted people at last 
cannot see at all without the assistance of spectacles," 
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EFFECT Of fini'jCCLAB VISION OS THE C3E 0» 6IA£S£S. 

In all iliat has preceded we have regar<fed each eye separately 
without takin? cognizance of any modifications the application 
of glasses misht require to fiil&l any additional circamstaiices 
attending the exercise of the two eyea together — binocuJnr 
vision. This subject has been specially, and deeply, studied by 
my valned friend Dr. Girand-Teolon, of Paria, of whose views 
I now proceed to give a shorWabstract. 

Fig. 39. 
If 




Supposing the two presbyopic eyes (in Fig. 29) at their 
maximnm accommodation to have the near-point A', and that 
the two convex lenaea produce virtual images of the pomt A at 
the Hftino distance as that of the near-point, then the eye o will 
perceive an imago of A at n, the eye o' one at m ; there wdl, 
n a word, be crossed diplopia ; this is, however, overcome by 
the eyelmll. converging to A, by which means the two images, 
Z and n, arc fused at the point A: The eyes arc then con- 
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v&rgad to A, but accommodatetl for A'. Hence the nfttnrfll 
harmony of couvergence and accommodation is liroken. By 
UBingf, liowever, only the external portions of I!ip two lenses, 
the two imageSj m and n, may bo fiisod without any aiich tin- 
natural convergence of the globes, a physical (prismatic) action 
being Bubstitated for a physiological. It is eyident that to 
uso tho intcnisil halves of the lenses would only bo constraining 
a still higher degree of cODVercencG on the eyoballs. Such 
are the theoretical consideraitions advanced by Dr. Giniud- 
Teulon. Tbeae he experimentally endeavours to corroborate 
by the fact that, if we covier tho external halves of the leneos 
of a pair of convex glasses and then regard a near object, 
crossed double viHiou is at fii-st produced, and by ci;rt>aia 
argoments derived from stereoacopic consideratioua. Ho 
h&nce advieea the nse of eceentrio lenses [Umtilha dt'x&titvSm) 
m the manufacture of spectacles, by which, he states, no 
muacular effort being requii'cd, visiou is reudurod materially 
easier and less fatiguing. 

The same considerations rovorsed apply to tho use of con- 
cave glasses for myopic patients ; in them tho thinner halves 
of the glasaea being mounted inwards, whilst in presbyopic 
ones thoy arc outwai'ds. Poi- tho tletalls of the theory a.iid 
application of these docontrated lenses, I muHt refer to Dr. 
Gu-aud- Toulon's own %vorlc on binocular vision, p. 394, e,l scq. 
Of tho validity of the reasons there adduced for the nso of 
decentrated lenses, I am not yet in a position to oHer any 
definite opinion, as tho ontii'o problem still recinirea an 
eitondcd clinical experience for its ultimate solntion. 
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CHAPTEE VIII. 

PAEALT5I3 OF ACCOIOIODATIOS.* 

rpHE prominent diagnostic sign of Paralysis of Accommo- 
-^ dation is an impairment qf vision for near objects, whilst 
that for distant ones remains, in the majority of cases, com- 
paratively unaffected. This second clause refers, howev^, 
only to loss of accommodation as it occois in the normal 
(emmetropic) eye ; for, shonld the refraction of the affected 
eye have originally been defective in converging power (hyper- 
metropic) in its conformation, with a tolerable range of accom- 
modation, then its vision will commonly be foand to be 
diminished, not only as regards near objects, bat also for 
distant ones. This latter defect will therefore require to be 
corrected by suitable convex glasses, before we proceed to 
examine into the amount of accommodation available for 
near objects. 

I have not yet seen paralysis of accommodation occorringin 
a myopic patient, bnt I should imagine that in such a case vision 
would remain nnimpaired for distance, whilst the near-point 
would be removed further off from the eye. 

Presuming that the eye (if necessary) has been in the first 
instance restored to a state of normal refraction by suitable 
glasses, the near- point will be found (taking into consideration 
the age of the patient)t to be abnormally distant fi^m the 
vertex of the cornea, but may be approximated as closely as 
we please by the appropriate convex glasses {Vide Cases XIT., 
XV., and XVI.). 

• Thifl chapter is a reprint from a paper Mr. Eobt. C. Moon, House Snigeou 
to the Ophthalmic Hospital, Southwark, drew up under my aupervision, and 
publiahed in the first number of the Ophthalmic Beviete. In it the effect of 
the Calabar beau in such cases is especially referred to. 

t For the average diminution in range of accommodfjiion in emmetropic 
eycB at different ages, see the table ^ven by Professor Doadets in " Ametro- 
pie en hare Gevolgen," at p. 79, or reproduced in the British atid Foreign 
Mtdico-Ckvrurgical Review for January, 1862, p. 27. 
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Iq addition to tbc paralysis of tlio ciliary mutiole, the 
epKincter pupillie often loees its power of contractility j the 
pupil heing thon more or less dilated, either perfectly fised 
(as in C-ases XJII. and XIV.), or actiug bnt alugg-ishly under 
the stimulus of light (Case XVI.). Ciiaes XV. and XVII., in 
which the pupil contraotod with the greatest activity, are, 
howuver, exiioptionK to this rule. 

In judging of the action of the Calabar "bean in these caaeB, 
two factors rcsquire distinctly soparatJiigj* — viz., 1, the iru- 
provemont in viaioQ rQaulting- from a contraction of the pupil 
(which, by diminishing the size of the circles of dissipation, Is 
in itaelf capiihle of accounting for a considorable share of the 
increase of visual power); and 2, that pi-odueecl by the action 
of the Calabar beau on the ciliary muscle. In r. oase of hypor- 
metropia, as taay he inferred from what has preceded, this 
remark applies to distant as well as to near objects. lieforo, 
therefore, applying the Calabar beau, the effect of minuto 
apertures in increasing the visual power, both for distant and 
near objects, should bo carefully noted, so as to admit of com- 
panaon with the effects Bnb«ec|ueutly obtained by the Ca.labar 
hean. Without this precaution, it is imposBible to separats 
the above-mentioned two factors in its action. 

For the aake of clearness and faoOity of comparison, the 
annexed cases are arranged accoi-ding to the following scheme, 
which, to some extent, may be of servico as a guide to tho 
order of investigating cases in practice : — 

1. History, 

2. Appearances of the eye (including the size of tha 
pupil). 

8. Visnal power : — 

(A) For distance, before and after atropine,t with tha 
effects of glaases in both cases. 



* In ft scries of caaes reported in the (^hlluilmic Hotpttal Jieport-i fur 
October, 18G3, these are luit sepitrated, aeitJier is the diagiinsis of pnnilysis 
of BOCO-lOinodfltioa rigidly eaUblished, or the stitte of rofmotion of the eye 
nccnwitdy pven, 

t 111 cir'hT to nvoid ertOM is the esamination of msea, Et la better to defer 
the iiwl.il I fttion of atropine uulil the previous reHnlLs have Wn obtained viCll 
j^Bes aad the Celubar btiiu. 

G 2 
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(B) For n^ar ohjeds, before and after atropine, with 
the effects of glasses in both cases. 
4. Effects of the Calabar bean : — 

(A) For distance. 

(B) For near objects. 

Giving the comparatire experiments made with 
minnte apertures preriooa to the appUcation of the 
Calabar bean. 

The report of Case XI 11 . is abridged from a detailed 
analysis which has already appeared in the Ophthalmic Hos- 
jrital Reports for October, 1863, bnt is reproduced here for 
the sake of comparison with Case XI V., and on account of 
its details being bronght down to a later date than in the 
previous report. 



Case X TTT . — Traumatic Paralysis of the Circular Fibres of the 
Ciliary Muscle {and Iris), occurring in a case of Syper- 
metropia (^), corrected (partially) by Convex Glasses, or 
hy the Calabar bean. 

Fanny V,, jet 28, presented heraelf &t the Ophthalmio Hospital, Soathwarif, 

OS August 20tli, 1863. Eight tUys preTioosIy, vhilst opening a lemonade- 
bottle, the cork flew out, and struck her on the leit eye, causing great pain 
and dimness of vision, which continued till she came to the hoapitAl. When 
the patient was seen, the pupil was obseired to be dilated and fixed ; she 
could read no less type than No. IS,* and that but indistinctly. The fondns 
ocuU was indistinct, as if from eiudation. 

^ Potass, iodid., gr. ij, Ur die. 
August 24th. — The pain has left her ; she now reads No, 14. 
^ Potass, iodid. cum 

Quin, diHuipk, gr. i, («r die. 
September 1st. — Prom the patient remarking to-day that her vision wm 
greatly improved by looking through a pin-hole in a card, the optical condi- 
tion of her eye was investigated more closely than had hitherto been done, 
the case having previously been taken rather for one of simple retinitis. 

* p. p. -•nearest point <rf critically distinct vision (punctum pioximum). 
p. r.= furthest point „ „ (punctum remotnm). 

'=feet; ''=inches; "'^lines. 
+before the number of a glasB=convex. 
— „ „ „ = concave. 
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For the sake of conciseuesa,! ahail omit the various steps in the examination, 
and group together the results of tie observations made during the three 
following days. 

The pupil of the left (injured) eye measured 3"' in diameter, and was per- 
fectly fixed, whilst that of tlie right measured but 2"' in the same light, and 
contracted with the greatest activity. There was ao evidence of any dislo- 
cation of the lens, either in a tremulous conditioa of the iris or in a direct 
objective examination. The ophthalmoscope disclosed a hypermetropic re- 
fraction of the eye. It seemed probable that some injury to the iris and 
ciliary muscle was the r^al nature of the case. 

With the left eye at 20' she read No, 22 imperfectly, but through an 
aperture of ^'" diameter she could read No. 20, or with -t-16 alone No. 18 
welL Finding that with -|-16 she could distinguish a rauch smaller type 
than with an aperture of ^"' diameter, it was clear that the defect in vision 
was rather dependent on some deficiency in the refractive power of the eye 
than simply on the dilatation of the pupiL 

At first, the right eye appeared to be emmetropic, as at 20' she could read 
No. 18 with ease. But finding that low convex glasses did not deteriorate 
vision for distance, and that the near-point of this (right) eye was unusually 
disttmt, viz., Sj",* wb were induced to paralyse her power of accommodation 
in this eye ; after which it was found that she could not read even No. 23, 
but with +16 she read No. 18 just as well as before any atropine had been 
applied, the direct image being also clearly seen in this, as it was in the left 
eye without an eye-piece. 

With the injured eye she read No. 18 at about 13", but with -|-16 she read 
No. 8 at the same distance. A square of the Calabar bean j^per was now 
applied to this eye. In ten minutes the pupil was contracted to a diameter of 
about 1'" (a little larger) ; she now reaa at 20' No. 20 (which was a number 
lower than she could read through an aperture of 1'" diameter previous to 
the application of the Calabar bean), and with -{-36 No. 19 well, her near- 
point for Na 10 being 18". Although the pupil continued to contract till at 
last it was only J'" in diameter (where it remained fixed), no further 
improvement in vision ensued for distance, but she could now read No. 8 at 
4", and with -t-24 No. 2 at the same distance. This fact, combined with 
the previous observation made with the stenopeic hole, proved that the Calabar 
bean improved the patient's vision, not alone by its action on the pupil, but 
in a far greater degree by that on the ciliary muscle.f 

The nature of the case was now clearly made out — viz., that it was one of 
a tolerably high degree of hypermetropia of both eyes, and that the defect of 
vision noticed in the left eye was due to a paralysis of the ciliary muscle, 



• Erroneously printed as 3J" in the 'Ophthalmic Hospital Reports. 

t The ' necessity of employing a convex glass for attaining the maximum 
degree of acutcness of vision possible, depended probably on the ciliary 
muscle being too much injured to admit of perfect contraction even under 
a stimulus so powerful as that of the Calabar bean. 
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which preveated the patient correcting her hTpermetFOpia by Tolnittai; 
accommodation, but which was entirely supplemented by convex giasaes, or 
restored to a great extent by the Calabar bean. 

When last aeen, on February 17th, 1864, her vianal power was found to 
have become considerably improved. From September 6tb, 1863, she had 
applied the solution of the Calabar bean regularly twice a day to the eye, 
but bad discontinued ita use for the last five days. Both pupils now acted 
readily in a fiill light ; tbo right measuring 1'", the left 'i\"' in diameter. 
The visual power of the right .eye was as when she first came to the hospital 

February 17th, 1864.— Ze/( %e ;— Pupil = l\"' in diameter. 

At 20' reads "So. 18, and somewhat more perfectly with -{-34 
p.p.forNo. 8=8i". 

„ No.2with+16=8i". 
„ No. 1 with +8=4". 
1 1.30 A.M. Gakbar bean applied to left eye. 
11.50 „ Pupil measures 1'". 
p.p. forNo. 1=12". 
12. Pupil -1'". 

p.p. forNo. \=1\\ 
12.20 P.M. Pupil =i"'. 

p.p. forNo. 1=8". 

At 20' reads No. 18 perfectly. 

From what precedes it is doubtful whether the Calabar bean improved 
the vision of the left eye by its action on the iris or that on the ciliary 
muscle. That par.t of her accommodation, however, which she, previous to 
the accident, used to correct her hypennetropia of this eye appeared to have 
become all but restored. 



Case XIV. — Traumatic Paralysis of the Ciliary Muscle 
and Iris. 

Under the Caee op Ms. Laueencb. 

Albert H., set 28, presented himself at the Ophthalmic Hospital, South- 
wark, on August 28th, with acute comeitis and hajmorrhage into the anterior 
chamber of the right eye, the resuila of a blow from a piece of putty. 
Under treatment, all the inflammatory symptoms subsided, the blood in the 
anterior chamber disappeared, and the cornea became quite transparent ; 
but the pupil, on the 17th of September, was found to be widely dilated and 
fixed, measuring 3"' in diameter, whilst that of the left (uninjured) eye 
measured but 1"', and contracted briskly under the stimulus of Hght. There 
was no evidence of a dislocation of the leus discoverable, either &om a 
tremulous iris, or from a direct objective examination. The patient stated 
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tiiat previous to the accideat, he had never observed the elighteet difference 
in the sight of the two eyes. 

Visual Power : — 

Far dutawx : — 

Bight (injured) eye, at 20' reads No. 23. 

With +18, „ „ No.' la 

Left (sound) eye, „ „ No. 18. 

+40 „ Improves for Na 18. 

For near objedt ; — 

Bight eye reads No. 10 at 8". 

Widi +4 reads with ease No. 1 at 4". 
■„ +6 „ „ No. late".* 

Left eye p.p. for No, 1=4", 

Hie ophthahnoscope disclosed a bypermetropio refraction of the right eye, 
and rather less so of the left ; but there appeared to be nothing abnormal 
is either &ndus. 

On September 18th, a square of the Calabar bean paper was applied to the 
right eye, and a strong solution of atropine (gcs. viii ad 5j) **• ^^^ '^''■ 
In about an hour afterwards the right pupil had contracted to 2"', and the 
left had dilated to 3'" in diameter, when, with the right eye, he was able to 
read No. 21 at 20' and No. 2 at 8". With the left eye he could only read 
No. 20 at 20* and' required +40 to read No. 18 welL The first piece of 
Calabar bean paper was now removed from the right eye, and a second 
applied : but although the pupil of the right remained fised at a diameter 
of 2"' for about two hours, the vision continued to i improve, till he was 
able to read No. 19 diatijictly at 20', and No. 1 at 4", whereas, with an 
aperture of 2'" diameter, previous to the application of the Calabar bean, 
he could read no lower a number than Na 22. 

This case is very similar to the last, in being one of traumatic paralysis of 
accommodation, which could either be substituted by convex glasses, or, for 
the time, completely restored by the Calabar bean. The above results show 
that the contraction of the pupil after the application of the Calabar bean 
assisted considerably in improving vision ; but firom the fact that he con- 
tinued to read smaller types, although the pupil remained stationary, it is 
evident that a still greater benefit was attributable to its action on the ciliary 
muscle, which continued to be acted on by the Calabar bean after this had 
ceased to aSect the iris. 

■ It might be objected that the convex glasses act simply by their magni- 
fying power, but that this is not in any sense adequate to account for the 
improvement in vision will be seen from the following table ; — 

To an emmetropic eye — 

+4 appears to magnify No. 1 only to about No. 5. 
+6 „ „ „ No. 3. 

+8 „ „ „ No. a. 
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Casi XV. — Paralysis of the GUiaTy Muscle foUowvag 
suppressed Scarlatina. 

Undeb the Cabs ot Mb. liAUBSNCE. 

Amy M., tcL 7, a moet intelligent child, was admitted on December 11th, 
1R63, as an otitrpatient at the Ophthalmic Hospital, Southwark, cximpluiiing 
of " dinmees of eight." About bik weeka previous to her admiasion she wm 
ButTering from suppressed scarlatina, and had lately experienced serem 
mcDtAl distress from the loss of a sbter. On December lat afte complained 
of a "pricking" in the right eyelid, foUowed by impairment of vision fa 
near objects, that for distance remaining unaffected. In about a week afto- 
wards, the same defect occurred in the left eye, and subsequently she com- 
plained of double vision. E^h pupil measured 1"' in diameter, and con- 
tnicted with the greatest activity in full daylight. There was a very slight 
inmifficiency of the internal recti muscles, otherwise the single and combined 
uiuvemcnts of the eyeballs were perfect. 

VisDJL Power:— 

For distance : — 
Eight eye at 17' reads Ho. 20. 

With +40 „ „ somewhat more clearly. 
Left eye „ „ imperfectly. 

With +40 „ „ perfectly. 
For near objects : — 

With either eye reads No. 14 at 8i".» 

(No. 14 is the smallest type she can decipher.) 
With +4 reads No. 1 at 4". 
II +6 " i< 6". 

n +8 Ji II fi" 

At 11.35 A.H., a square of Calabar bean paper was applied to the right eye, 
and atropine (grs. iv ad Jj) to the left. At 12.6, the Calabar bean paper was 
removed, the right pupil having contracted to V", «nd the left dilat^ to 2"' 
in diiuneter. 

Visual Power r — 
For diitanee : — 

Bight eye at 20* reads No. 20. No glass appears tfl improve 

vision. 
Left eye at 20* reads No. 21. She now requires +24 to read 
No. 20. 
For near objects : — 

Eight eye p.p. for No. 12-2J'. 
Left eye „ „ No. 16=6". 



* According to Doudeis, the near-point in the emmetropic eye at 7 years 
is about 2J inches (op. sujir. eU.). 
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A atanopEeic hole of a Bmaller diameter than her pupil, aj^ied previous to 
the Calabar bean, did not in the least improve the vision of either eye.- 

Ftoiu the above observations, coupled with the fact that the direct image 
could be fairly seen without an eye-piece, it was inferred that this patient 
had also been originally hypermetropic, and that she had partially lost the 
power of voluntarily accommodating the eye for distant as well as for near 
objects, which was, however, completely substituted by convex glaasea, and 
to some extent temporarily restored by the Calabar bean. The mother was 
directed to apply the Caiabar bean extract to the child's eyes every morning ; 
but about five weeks elapsed before she again made her appearance at the 
hospital. It was then found that ^e power of accommodation had been 
spontaneously and completely restored, and that she could now (January 
26th, 1864) read No. 19 at SC, and No. 1 at 4", with either eye. This case 
is instructive in showing how careful one should be in attributing effects 
to therapeutic agents, as upon inquiry it was found that the Calabar bean 
had not been applied at ail to the patient's eyes since her last visit to the 
hospital, and she had merely been staying for a short time in the country, 
where her health and sight had gradually improved. 

Case XVI. — Complete Paralysis of the Giliary Muscle and 
partially of the Iris; from Vebilify. 

Ukdeb the Cabb op Me. Holthodsb. 

Elizabeth R., a very intelligent chUd, set 11 years, came to the out-patienta' 
room of the Ophthalmic Hospital, Southwark, on February 4th, 1864. For 
two or three weeks previously she had been suffering from dyspepsia and 
general debility, and during the last few days had complMued of being 
unable to read small print, or to distinguish distant objects clearly. Both 
pupils measured 3"' in diameter, and acted but sluggishly under the stimulus 
of light 

Visual Power : — 
For distance : — 

With either eye at 20' reads Na 29. 

With +30 , „ ■ „ Mo. 19. 
For near objects ; — 

With either eye, the nearest distance she reads No, 16=7". 

With +30 „ „ No. 12=9". 

In addition to +30 (the neutralizing glass for her hypermetropiaj she 
requires 

+4 to read No. 1 at about 4". 
+6 „ „ 6'. 

+8 „ „ 8-.* 

* That these convex glasses did not improve simply by their magni^Tng 
power, vide note to Case XIV. 
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Bui with -|-30 aione, ahe reads No. 12 (the least type ahe can decipher) 

nt fl".' 

After the instUIatian of a nUaug soluuiiii of atropine (gn. vtij ad Jj) *« 
the followiii)" lUy, tlie vimiiJ [lowec fLiniainisil nxncily the samo aa ^tlien she 
came In the hnspital, sliowing tliat Ihr imnilysia uf the ciliiiry niasele w*» as 
OBiii|ili>t,p iiH it eoiUil podsilily W. Tlie n?fmctioii uf iiii,> tj».> was byptr- 
raetropic : a niirrow pigmont line was presenl to the Uuiw side of each vy&c 
nvrva entrn.u.ce. 

At 4.7 P.v., the Calnhar boiui extTnct was applied to both eyea, whicli went 
in the eutnie condition &n aliovo noted. 
437> Both pupils mL-iutur^ I'" In <liaiUFt<?r. 

At 20' slii; rc/Klfl Nw. 19 ) „ith either eye. 
p.p, for JJo. 1=3" f 

With a Bteiiopieio apeTture of 1'" diameter, previons to the upplicntiaD of 
ibo Culubor bean, she coiild re«id Ko, 80 ut St/, and No. S at 3". 

4.17. Both pupils contract-ed to i'" iu diantotcr, but th>e visuid power 
remain* the asme ns at 4,37. 

5.17. Both pupils nioiisure ^"' iu diauieter. 

At ao' ahe reads No. 19 \ 

(No coflvpx or concave glusaeia improve) > with either ey». 

p.p. for No, 1=2" ) 

Witll ft alonoiweic hole of 5'" dinnitter, previoiifi to the iipplioLtion of iJio 
Colnbar bean, sh« read Xo, SO nt 2</&iid No, I at 3", which sbowa that, Ln 
thiH ciise, ttio GUDtnictioi) of the pupil wiut a very iniportant elumenl id the 
iiiipmveiiieiit of vision both for near and dtelant olyects. 
li HaiiMt Quin:p CII711 J'erro, 5J ler iftit. 

WhiMi laat seen, oiiFebru*ry ISth, both pupils measured 3j^" in diamotCT. 
With dlher eye et 20' die read No. 19, anci No. 2 at 1 1". ' With +a() »l»e 
reud No. 1 at 8". 



Cask XVII. — Com/phie Paralysis of ihc Ciliary Mmrle in a 
cane of H'jptirnititrojtiu (^a) ; i>ruhrih}ij from, dchiiiiy. 

Undeh. the Caee of Mb. HoiTiiouaE. 

Elija P., ffit 30, came to the Ophthalmic Hospital, Sonthwark, on Fob- 1 
TOKiy Ist, lfl04. in a very feeble condition, and coiuphi.iiiiiig thai iihft wiw 
lumblo to aec near olijeute diutinctly. Fui tlie hu<t two yvarn, when t&jkUiie | 
a. IxKtk, she hod hcen compollod to hold it at a eonfiidomblf diBtanw off lor 
diKtinrt vision, espt'ciiilly at night, when ahe whs in the liabit of placinj; the , 
paadle between hereelf and the book. During the hist eleven or twelve 



* According to Dondors, the near-point in the emniRtTopIc eye at 1 1 ycitn 
of age Is about Sj iuiJics (op. mpr. rH.) ; iu oiir cum, after corroctlon «f the 
Itypenootropiaf it i^ seen Co be three tinin! as distant. 
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montha these symptoms have become greatly aggravated, and of late, aflier 
reading or sewing for a short time, the eyes begin to " itch," and feei irri- 
table. Both pupils measure 2|"' ld diameter, and contract readily under the 
BtdmnluB of light. 

ViBDAi, Power : — 
For di»tanix : — 

With either eye at SC she reads No. 19. 
-j'40 enables her to see Ko. 19 a little more clearly. 
For near oijecls ;— 

With either eye reads No. 2 from 12" to 14'. 
With +40 (the neutraliang glass for her hypermetropia) reads 
' No. 1 at 10'.* 

But with +40 alone she cannot read either No. 2, No. 4, or No. 6 at any 
distance less than 10" from the eje.f With the ophthalmoscope nothing 
abnormal was discoverable in either fundus oculi 

At 4.20 P.K., the Calabar bean extract was applied to the eyes. 
4.40. Both pupils hare contracted to 1'" diameter, 
p.p. for No. 1 =6". Visual power for distance not tested. 

With a st«nop£eic hole of 1'" diameter, previous to the application of 
the Calabar bean, the nearest and only point of distinct vision for No. 1 
was 10", from which it is evident that the mere contraction of the pupil 
was not adequate to explain the great improvement in the visual power for 
near objects. 

4.45. Both pupils are Y" diameter. At 20" she is now unable with either 
eye to read any type less than No. 22, and requires 14-iiicb concave to 
read No. 20. All convex glasses deteriorate vision, and no concave glass 
enables her to read a less type than No. 20; p-p. for Na 1=5". 

With an aperture of ^"', previous to the application of the Calabar bean, 
she read No. 19 at 20' just as well as without it, and she read No. 1 in a 
HUigeof5i"to6i". 

The last observation made at 445, taken in conjunction with the previous 
comparative experiment of a stenopseic aperture, made it evident that the 
diminution in the power of vision could not be referred to the extremely 
CDntract«d state of the pupil, but to the stimulating effect of the Calabar 
bean on the ciliary muscle, which was so great as to make the patient for the 
time, from having been previously hypermetropic, actually myopic, and that 
in a very marked degree 

I have lately noticed the same effect produced in another case of hyper- 
metropia with paralysis of accommodation, in which the hypermetropia 
(jig) became converted into a myopia of tV hy the application of the ordeal 
bean. 



- * The natural near-point for 30 years of age is about 5^". 

i" After the full effect of instillating a strong solution of atropine had been 
obtained, the visual power was found to remain in precisely the same condi- 
tion as previous to its application. 
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the two patdenta in tliemselTtts www MtTthing Imt uorrvma or 
hysterical females. 

The first of the above two casos is sufBeiontly rx'wiu-k«Wi» to 
deserve a more extended notice here. 

Cask XVIII. 

■ Marcella D, was 43 years old when sht? first rrtnaiillwl ihi\ Kn«H oliilil- 
bood she had Boffered &om asthenopio syiuptmm ; luit fur ll)o liwt i<i)(ttt or 
nine years they had so increased in inli^tisity as t« utterly infH|im'it«lti Iwr 
for all occupations that demanded close work of any diwripl ion. lliilwd, 
what was lemarkable, she could not rojpinJ any olijii-t, wKi'IIht oliwo iif 
distant, with any degree of attention without exiH>rieni'iiijt thi' iiuwt' liintrtiw- 
ing sensations in the eyes. She had consulted, without iiviiil, liii liwt lliiiii 
sixteen or seventeen oculiata, I found, on cxaiuiiintimi, tliuti at riiiirtt>i'H 
ffeet she conld not, with the naked eyes, roail No. 22 with ocrljtiiily ; liiit 
with 14-iiich convexes read No. 19 weU. Ucpimtod oxainitmlloiiH yiii|i|i<il n» 
their result that she was hypermetropic (manifoHtly) to a .,■„ and alno nliitlilly 
presbyopic, so as to require 10-inch coutcxoh for readiiiK. WiUi llicpni 
glasses she was enabled to read from four to five hinirH at a Rtroti'li wll.lidiit 
experiencing any of her old astheaopic symptoinH. KuliNCjiii'iitly Iii<r iMaiil- 
feet hypermetropia increased to a tVi i^d "h<' then roiiuiriid 7-iMnh tumvutim 
for reading- Latterly she became again ulightly wthiino[)ic, owiiiK to Inmini- 
ciency of the internal recti, for which I recommondcd divinion of thii niiiNiilcM, 
to which, however, I could not get her to consent, Hho being Hntiiifled with ihn 
benefit slie got &om her convex glasses. 

StellwagT. Carion speaks of " cases of a hifjh dcffroo," .... 
.... in which "the hyperiesthesia of tho retina and oilijiry 
nerves renders even indefinite vision at distant o^y'cctH wi(,h 
high illamination, contrasts of light, glaring coloan(,or«trf>nff 
reflexions, inanpportable." 

A httle reflection will convince yon how iicrioD« a fVinftmUf 
we are consideriog, especially when you arc fU-alinff with 
pow patients, sncJi as that hnmble section of the female com' 
manJty who gain their livelihood by the "neerlle," — 

f With fingera wtazj and worn. 
With eyelids heavy and iwL" 

}^Je:&TLzie yerj properly remarka : " It in m infimrity mwh 
^ to be dreaded ttan the many disorder! of tb* t^f. wbw* 
t^:^:P^T6ciBl observation present a 6»r mors ff,rrtnAt^Att 
i^"*-*^^^^." And r«* "^"^ ^ perimpa no «« diaww* 
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A9THENOPIA. 



ASTHENOPIA, or weak siglit, is suctjinctlj' dofinod fay 
Mackcuzie as "that state of vision in wliieh tlie eyea are 
unabk' to sustain continued exerciae upon near objects, although 
tlic patieut, on first viewing such objoctsj geoerallj sees tbeia 
diatiuctly, can employ tia aiglit ibr any length of time in 
viewing distant olijects, a-iid prL-seuts no extei-uaJ iLppearanco 
of disease of tlio eyeH." Travers described tlic eyinptouia of 
astlienopis aa one of hia varieties of " functional amaurosis," 
ancl considered loaa of adjusting power as an " occasional aymp- 
tom" (" Synopsis of the DiseasoB of the Eye/' 2ud ed., 1821, 
p. 187). The above description is sufficiently acournte to gire 
you ft general Idea of the disease we are considering ; hut it unll 
bens well to follow outthcsymptonmiu to a little farther detail. 
These are all the symptoms of muscular fuiujite a,uA nervous 
irritation. At first, ss the word " fatigue " itself implies, thoy 
are not felt, hut come ou with a rapidity which uiity vaiy from 
0, few seconds to on hour or more. Some patients cannot 
read two lines consccntivety without an accession of asthenopic 
symptoms. They declare the letters " run into one another, 
and become misty and confused;" if they poi-smt, the eyes 
ache and water till they are obliged to leave off from sheer 
pain and diecouifort.* A Little rest genei"ally enables them 
to begin again, hut I havo met with a case in which the pain 
lasted for many hours after. In this same (and a second} 
case there existed an indescribable general fceliug of nervous- 
ness and agitation, a eenfiation of nausea and vertigo, although 

• The iul*tine.='s of vi&iou tlmt euauea ia [irohflbly jiiirt.iallj ft reflex phcno- 
iiiL'iiuiii, as hIiiiuuI CL-rtiiiiity LIih iLcltiug, injoction (soirictiiues ubservcil), and 
8iiS\i!3ion are evidences of reflex-u'rilatioit of tLe flflb and sfiDpathctio 
u lines. 




the two patients in bhemselvea were anything but nervous or 
lijstorical feioalcB, 

G'he first of the above two caaoa is sufSciently remarkable to 
deserve it more extended uoticjs here. 

Cask XV 111. 

Maroella D. was W yos.ra old when nhe firwt pcmsuK.od mo. From ehilil- 
hooi! she hjwl anfrcTCsl hijni aatliL'iKjpio sj^iiptoniM ; but for tht' Imt t'i^lit or 
niim? yean they hiiil no iocireiwed in uiteiifcity jw to iitl^rly iii('H|]acitji,l-e her 
for all Uffyputioiia thut deniiiHiJecl close work of uny ilcHtriptioH. lutleed, 
what was remarkable, ahe could n«t regard any object, -whether close or 
distant, witli auy degree of attenl.iou. without e^jmrioncmg Uie most diatresB- 
ing seufiatioiis iij tin; eyes. She Lad consulted, without iivuil, no iesn thnn 
siiteca or spvoiltocil nooliBte. I found, on exauiinatjoii, tilat lit foiiiiocn 
feet ehe oiinld not, willi tlm naked eyes, read No. 22 with certainty ; l>nt 
Vitli 14-iEtiL coavexi* ri'ad No. ly well. Reiieated exaiiiiniit ions yielded as 
their result that fihe was liyijcniietropie (maiilfestly) to a t^, and also slightly 
preahjopie, ao iw to require lO-iiiL-h c^onvexea for rejiding. With theae 
glBsece aho was >-nii.Uod to read ft'om f(mr to flvt- liouw a.t ai &trct.;h without 
experiguoin;! any of tier old iwthonopij! symptoms. Sulisdq neatly bar mani- 
fest Lyponiiotrtipin iiicrenBed to a y^i *0'i ^l"*^ then rp^pnireJ "■inch uunvext-s 
for reading. Latterly she lioeojue again sUfthtly nslliooopic. owing to insuffi- 
ciency of the intjirnal recti, for which f recouinifinde'l division of tho muflclea, 
to wJiieh, however, I could not i^et her to consent, slie heiiiyaalinfled wtlli the 
benefit aho got from her cotive): gliLa»es. 

StcEwiig-v. Carionspoakfl of" cases of a high degree," .... 

in which " tho hj-pcrfeatheBia of the retina and ciliary 

nerves renders even indeBnite vision at dist-ant objects with 
high illumination, contrasts of Itgbtj glaring coloura, or strong 
reflexions, insupportablo." 

A Uttle reflection will convince you how serioas a disease 
WB nro considering, ospocially when you aro dL^aling with 
poor patients, such £ia thut humblo section of the female com- 
munity who gain their livelihood by tho "needle/' — 



" With fingors weary nnil worn, 
With eyelids h<'avj and red." 



I Hacbenzie veiy properly remarks : " It ia an infirmity mach 

I more to be di-oaded than the many diaordera of tho eye which 

I to superficial observation present a far more formidahle 

I appearance." And yet there is perhaps no one tliaeaae 
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the true nature of wkJcli ia more generally misunderstood. 
MacTcenzip, nfti^r OQuniGrating a great variety of causes, comos 
uearoat to hy far the most common one when he sii^^sls 

that " the orgflns of wljiistmcnt are probably the chief 

seat of the complaint," DomlerSj in calling attention to its 
very frc(|uent dependence on a hypermetropic condition of 
the eyOj has undoubtedly rendered a great service to practical 
ophthalmulogy ; but at the same time my experience bos 
taught me how greatly wo should err, were we to excIuBively 
assign it to this cause. 

I holieve the causes of asthenopia mny, generally spctiking', 
he grouped under the following three heads : — * 

I. Optical Defects of th: Eyn. 

II. Deficient Tower oftkc Internal Recti Muscles. 
in. Hijperaisthesia of the Jtdina,. 



T. Optical Defects of the Eye. 

I must, t»i. limine, remark- that most persons wo are now 
Bpeaktng of apply to the surgeons solely for thtrir asthenopia ; 
they never auapect the least wrong with their sight ; on the 
contraiy, thej declare they see remarkably well gpnerally, and 
that it is only when they try to read or work any length of 
time they feel their eyes "weak." 

The most frequent optical defect ia a hypermetropic con- 
dition of the eye. Part of the accommodation of such an eye 
ia expended in nontraUzing its defective refraction, and, sm a 
coBBequence, when the patient employa his eyes on near 
ohjecta, he unnaturally " forces" hiB accommodation, so that 
the ciliary muscle is wrought np to a degree of tension that 
BOOH ohliges it to give in, and Ihas are caused all those symp- 
toma of mnacular and nervous irritation and fatigue, oncL 
consefjueut indiatiuctueaa of vision, which we have already 
described. Yon may for a few minutes sustam a heavier 

• I find that the wnw cIai!»iifi<.'M.ti()TL hna lifien indopoiidently adopted bjr 
Stollwftg von Oarion (" I«lirbut'li iter Aiiy:euli«iil](iuiH<'," Viemin, I8B1, 
p. 608). He reco{;riisBa two specios of (isHiciioitiii.:— 1, an accoraniotUitiro i 
S, 0. musciiW ; and with l>i>th '*ii. hypL-nesthesiu of the wtlna AJid ciliary 
nBTTM in close patbugi^uuiiic relation therewith." 
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weight than your nineties will nfitiirally support; but tiy to 
prolong the ofluii, auil you will soou cxiienpnco tlmt spdro of 
inability and fatJfjue wbicli the ciliary muscle feels in aiiotrhor 

way. 

Cask XIX. 

Robert W. W., let. 15,«msiilted me, on Novemlwr IBth, 18(32, on noflomit 
of iwt.hem'jpic syinpLoms. He had been using IS-inch mnvex ;(la*BPs for 
ul»out liliree yenrs niid a lialf ; Imt tlipy tio longer hpljiod him. I I'ouii'i tluit 
at 20 ivel lie read mtli the rifjtit eye Nu, 21, aad wilJi +a No. W, to Kod 
which, after infttilhttion of atropine, he required +" : *''''' ^he loft «yc hn 
lead at 20 feet Nii. 23, witli -j-H No. 22, to read which, nt'ter iitmpiiie, he 
ToquireJ -|-5. I pR'scriheii a O-inrii convex ghiRi fcir his ri^ht cyT mid a 
6-iii«h one for his left eye. 1 saw him n.liout a year afterwards, wbwu ho 
informed me the ylossen Iwl (loinpletely cured liis astlj^iiupiiu 

Bnt I have also met several cases of asthenopia which were 
due to myopia. This may exist in. a very alight fle^^vt'O. A 
woman, aged 33, applied to mo for Lntonso asthenopiit. Hha 
was cured, and that there and then, by tho use of a pair of 
40-inch concave glasaos. Within a very briof period two ladies 
consultod me for usthenopic symptomg, which I found depouded 
on presbyopia, aad wore remedied by suitable convex gluaBos. 
Mr, White Cooper has {op. elt., p. 123) remarked the flrimo 
thing, and at p. 92 quotes a peculiarly acute case that occurred 
in his own practice. In short, any optical dufuct of the eye 
attended with limited power of accominodittiou may bo tho 
CAuse of astJienopia, and therefore it is always absoluteljr noce*- 
saiy in those caues to subject the ejBH to a rigid opticnJ 
examination. 

I may here attract attention to a very important diws of 
>s which I believe have hitherto escaped atteiif ion. I liavc 
'feet with asthenopia between the ages of abuut 20 and 35 
whero no defect of refraction wna hy the most dtlicato toatu 
detectable, nor did the accomniodatton at first seoia biirdly 
impaired. Tot in these cases the patient waa at once reheved 
of all asthenopic 8>'uptom(i liy very low-powered convex glatwea 
(iTj to To)- Such caaos arc, I bcliovc, true iuitances of 

prematarc presbyopia." With these eaine gltmaoa distftnt 
obj(>ct!i were migtj and confused. 
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n. De^fieni Pmetrr of (Aa rntfrrtal Medi Musdfg. 

Ttis is the ^seaso which the Gorman anthora clmractet-u 
SB "insufficiency" of the intomal recti. You will 6nd aal 
elaborate description of it at p. 242 of Alfred Omfu'n " MoLi. 
litiitE-Storungon des Augee," a work which, cinbtjjyiog 
tho profound researches of his illuatrionB teacher, Profosiwr t^ 
GrAfp, will amply rt.ipay tho aerioiia study of those who wisl 
to have any cleiir idea of tbo action aud derangements of thq 
tnuscleB of the human eye. 

WeftknesB of the internal recti may effect one or hoth 
muack'^ — most commonly both. Such a case la detected by 
obBerving that whon we, coreriag one cyo with the hand,] 
direct the patic-ut to regard a near object with the other, tha) 
covered ■eye deviates outwards — in a word, the patient has, ' 
under these circnmstancos, a diverg^ent squint of that eye. As 
soon as we remove our hund, the divergent eye at once turns 
inwards, and resumes its symmetrical position to the other 
eye.* There are many caaea of this infirmity, which would 
be, nnd constantly are, overlooked, from neglecting thia simplo 



* In the drat uose the eye, excluded from common vision vith H» M\t»ir- 
eye^ is at liberty to naaume thot position indicated liy tlie rulative .'Ift'ii-^s 
of the two aDtiigiitiiB* miiKclos, tlio iiiU-niul and csterual recti. In ilm at't-oud 
cane the pitrticipcitlou in the act of vLblou forces tbc vvtib. intcniiiJ rcritu t4 
proraittiiTOly GTcrl rtsplf, to avoid the crHsned double iningea tliat wonliJ 
HC'CTSBiu'ily result fpom any divergoiKp of Lt« i-yp. In t.Ius wfiy an flye atftultd 
with weakness of the inteiTial rectus ajjuiiiiips ii divotgunoL-, if IJic (ULlii^nt i» 
Ln ruTcrie, if thei iiffBisted «ye titriiiiicB the Hiihject of tataiact, &c. In tllis 
latter case a successful operation for citjiract may at the aamo tiivie rertora 
tllo symmetry of the cycliall. Tlie test wm hiive just been discaiasliig bvceiiWH 
Btill iriore evident if the object be held, not directly oa ft level with, but 
a.l)0vc ihnt ft the ejeballa. Wb may further add. in cpfLTence to tliln tcsit, 
tliat the fdaioii of the double iuinjfeB iirudiieeil by lioldinj^ a piioni with iU 
bflae iuwarils befoiM one eyo, liy the eomiwii satin t! ttetion of Ihf exteraal 
rectus, heuouiee «;iieier tho neiirer tbe object, nrid vice vcrfd ; »" thut wt cnn 
overcome the " doubling " octiou of atroager priBins for iieiT objects than for 
distant ones. If thv prisui is held with ite hiiae outwurds, the very rarono 
of the ftbove holds good, till the object is jdiwed at, or mlhin, the ntar- 
point, when the mternal rei^ti appeiir to be tJie itronger. In weiikncs* of 
tliiwe muscles the prepondenuioe of abdiicCinn for the usual distance of read- 
ing, writing, &c,, ia, na we hiive seen, well iuarJti>d, BiSiS, if the WoakncM be at 
all excessive, even for gr«a.ter diMtouces. 
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method of examination. Again, if we "before a hoaUliy oye 
place a priam with tho baao outwards op inwRrtIs, the person 
at first setis duiiblc ; but, if the angle of the prism is not too 
greatjhesooii.in order to QVercome the eonaeqiient iloiililis vision, 
reepectively stjiiiiita inwards or outwarda with tbe i';je bel'oro 
' which the prism is held. In cases of weakiicsa of tke internal 
rsctij yon will find tha,fc this muacniar power of neutralizing" 
diplopia by convergence of the eye is dimimslied, that by 
divergence increased ; so that, e.<j., in a case meiitioTied by 
AllVed Grafe, " the patient possesstid the power of overcoming 
prisms ap to 18'', with the base turned inward before the hib 
eye by a corresponding degree of strabismua divergeus. 
Prisms of 2° and 4°, with the base placed outwards, he only 
momentarily overcame by an oppoaite (convergent) squint." 
If a prism with its refracting angle npwarda be held before 
one eye, any object (sucli as a dot of ink on a, piece of paper) 
8een with both eyes together !i.ppear8 double, the image tlirough 
the prism being directly above that seen with the other (naked) 



\ 



eye, 



thuB : 



• The faculty of aiugb vision with two eyes ie thus 
, almost iusuporably annihilated, on account of the very 
Blight power we posseaa of isolating the action of either the 
Bupei-ior or inferior rocti muaclL-s, bo as to fiise the double 
imageB {as is readily done, as we have mentioned above, by 
the lateral ocular nmscles). Under these circumstances, the 
accommodative action of the internal recti being no longer 
called into play, oaeh eyeball assumes that position indicated 
simply by the relntivo atrongth of the internal recti. Should 
this bo normal, the dota will assume the position delineated 
above ; but should either, or both, iatornal recti he preter- 
naturally weak, the eyeball, or balls, will, from the preponde- 
rating strength of tlie external reetne, pass into a stato of 
divergent sq^ulnt, and thus ci'oaaed double images arise. Tha 
final resnlt is thn.t tlie two dots exhibit in such a case not only 
a difference of height, but, in addition, a lateral crossed sepa- 
ration. The images then appear thua : 

* A second priam held with its angle ontwai-ds before 

, tlie second eye deatroya this lateral separation, leaving 

tho difference of height unchanged. The sircnt/lh (= wumher 
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o/degrce») 0/ th« prigm fl#«**ify /©r /Aw purpote (^ord* a 
direel meaeure o/.the dnjtfe of weakne*» 0/ the inl^mal nvtuf. 

It bos been thought weakness if the recti mtcrni is confined 
to myopic patients. 1 believe it is bjr far most frL^qacntly met 
with in such cases, especially if the myopia is high, in which, 
ultimately, you will very comuioiily find a confirmed divergent 
squint and consequent amblyopia. 

But I liave met witli a caae of hypermetropift of ^, in 
which the most intense aetbenopia was caused hy woakneas of 
the internal recti, with a second of almo^ equal intensity in 
H liypeniietropia of ^, and several other less severe cases. 
I may here remark that, owing to the connexion between 
accommodation and uonvergenco of Hie opttcaj:eg, two caascs, 
acting and reacting upon each other, are at play in producing 
the nstlienopio symptoms tlmt attend ivenkiiess of tba internal 
recti. 

Asthenopia from this canae, occurring in a myopic patient, 
may bo sometimes relieved by the use of glaascs, which enable 
him to rcjid at a safiEciuat distance from the eyes to moderate 
their convergence to a degree that entaila but a VBvy slight 
action of the affected muscles; or liy the systematic applica- 
tion gf priamutic glasses with the baees turned outwards, the 
internal recti may bo gradnally strcn^faened in. the effort Ihey 
will instinctively make by converging the optic axes to over- 
come the crossed double vision the prisms would otherwise 
cause- Prismatic glaases witb the baaea turned inwards bave 
no effect in radically curing the disease — on the eontraiy, 
rather eacourage it, but renrler vision more distinct for the 
time and relieve the asthenopia by supplementing the action 
of the internal recti. Thus, in a caae of this kind I found the 
patient, who bad a myopia of i, read a type of about No. 6 
easily with a prism of 11°, the base inwards npphed to the 
•right eye, although she could hardly road tbe type at all with 
tho unaidod eyes. The last resource is total or partial division 
of the ortoraal rectus muscle. 

TTT , IlypercBstheifia of the lietina, 

Bowdes llie above cases of asthenopia, we every now and 
then meet with onca which are attended by agcnDnU low state 
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of the system, often associated with photophobia. These gene- 
rally get well under the nae of tonic medicines and regimen, 
and therefore may not unreaHonably be ascribed to hyper- 
seathesia of the retina, or perhaps even they may depend upon 
some temporary asthenic state of the organs of adjustment. 
The asthenopia often met with after exhaustive fevers, diph- 
theria, &c., probably belongs to this oategoiy. 
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CHAPTER X. 

THE CONNBXION BETWEEN CONVEBaBNT STEABIBMua AND 
BTPEKMETEOPIA. 

mHE terms "total," "manifest," and "latent" hyperme- 
-^ tropia have already been explained (p. 57). Donders 
recognizes three forma of manifest hypennetropia dependent 
on the amount of accommodation the eye possesses. 

(a) Absolute manifest hypermetropia : Let the patient 
accommodate as mnch as ever he can with a maximnm 
convergence of the optic axes, he still fails to neutralize all 
hi8 hypermetropia; a portion of it still remains nncojrected 
by any natural effort at his command. Distinct vision is 
impossible under any circumstances without the aid of convex 
glasses. 

{b) Relative manifest hypermetropia : The patient possesses 
sufficient accommodating power to neutralize his manifest 
hypermetropia, but can only avail himself of it on one con- 
dition, viz., that he converges the eyes to a nearer point than 
that for which he accommodates them. He is only able to 
elicit sufficient accommodation to neutralize his hypermetropia 
for any point by converging his eyes to a nearer one than 
that at which the point in qaestion is really situated. And 
this is what such a patient may actually do — an additionid 
proof that accommodation and convergence are not indisso- 
lubly connected acts. The patient, unaided by glasses, would 
be thus theoretically placed in this unfortunate position : if he 
sees an object single, he does not see it accurately : if he sees 
it tolerably accurately, he sees it double. How the patient may 
obviate the double vision in the latter case we shall see pre- 
sently. Relatively to any point of convergence, with singlS 
vision, then, the hypermetropia is, in truth, absolute. 

(c) Facultative manifest hypermetropia : The patient pos- 
sesses snfBcient accommodation to neutralize his hyper- 
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metropia without the necessity of any unilito convergence 
of the eyes, fts was the case in rcltttive Jiypei-metropin. 

AJitUe consideratitiu will show that two fnt'toi-e determine the 
kind of hypernietropia a patient experioiiceB: firatly, the total 
amount of hypermutvopia ; and, EGcoudly, the total amonnt of 
accommodHtiou he possesses. If tlio patient's tuttil hypor- 
meti'opia exceeds hie total accomnnjilation, absuluto hypop- 
metropia must neceaaarily result; if it does not oxceoil it, lint 
is Mtill eouaiilerable in ]H'0]iorlion to it, relative hypennetropia 
will prohdbly ensue; whilo, if it ia iiiconsidDraljlG in propor- 
tion t« the acconimoJatiou, fiiciJtativo hypurinetropta avJHea, 
As the amount of accommodation dimimskeB ^vtde p. 7-1] as 
ago ttdvancoa, facultative hypermtstpopia will {five way to 
relative, and reliLlivc to abesolute. 

It had been long known that persons who atjuiiited itiwai-da 
Buffered a!ao from defective vision ; hut this knowledge was, 
and evon now is, not so widely difl'used as, in tbo interests of 
humanity, it should bo. A squint is, evQU iu theee days, ua> 
fortunately but toooft»n regarded as a mere personal deformity, 
which may, or may not, according to tho patient's position 
in lifo, be well left to his own taste and discretion to be cured 
of, or not. 

It bad been observed by varloiiM authors that persons who 
squinted inwards presented a peculiar form of "short eight," 
which was remedied, not by coucavc, but by convex glasses. 
I myaelf, some years ago, publisht^d » paper on this subject in 
the GI'isijuiii MfiHi'ril JitaniaJ, entitled "On the Short Sight of 
Sqninters," in whici I adduced several cases of this to inn, at 
that time, inosplicable contradiction of facts. After Bonders 
bad recognised the widely spread diffusion of hypefmetropla, 
he further remarked that moat alJ oaEce of ordinary convergent 
squint were accompanied by this optical defect. Subsequent 
researches have fully proved the important fact that hypcr- 
tnetropia is in these oases the cau»t> of tho squint, and that 
this latter is a mere symptom nnd nothiug more. 

Convergent squint ia, iu most cases, caused by relative* 

* Ab will bp eewi from vhab fuIlowB, a jipreon witli BbBolute hypermelropiii 
woulil guia litrtle or nothing by squialbg ; whilst a person witli facnltotive 
hy[mnnctTcipia sees naciimtcly without it. 
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hypermetropia. In this case the patient, if unaided by art, 
haa, as foUowB from what I have above saidj three altemativeB : 
l°j imperfect, single, binocular vision > 2°, more perfect, double, 
binocular vision; 3°, perfect, single, monocular vision. The 
second alternative would be more conftising to the patient than 
the first. Ab a rule, he prefers the first. 

The third alternative ensues in the act of sqninting. The 
object of the squinter is to obtain perfect, single, monocnlar 
vision. In order to attain perfect vision there must be — 

(a.) A perfectly accurate image of the object projected on the 
retina of at least one of the eyes. In relative hypermetropia 
this is only possible when the lines of vision of the two eyes 
intersect each other in a point nearer than the object. 

{b) The image must &U on the macula lutea of that eye, 
because this portion of the retina is endowed with the greatest 
functional perfection. 

"When conditions (a) and (6) are both fulfilled, the line of 
the vision of the other eye, as it intersects that of the former 
eye at a point nearer than the object must of necessity be 
directed inwai'da past the side of the object; and this de- 
viation amounts to a sqnint. I conceive that the squint 
serves a second [perhaps more important] purpose — namely, 
to throw the image on an eccentric, less sensitive, part 
of the retina.* This image the patient ignores by a pro- 
cess of mental abstraction, in which he is further aided by 
the circnmstances under which the sqnint usually arises : 
" those which diminish the value of binocular vision " — e, g., 
a natural difference of refraction in the two eyes, an amblyopic 
state of one eye, spots on the cornea, &c. To these I would 
add the general inertia of the retina, which, as will be shown 
farther on, exists more or less in all hypermetropic eyes. I 
think myself that habit has a great deal to do with squinting 
in these cases. Myopic persons, after they have found out 

* Dr. Rainy has, in a letter, mentioned to me a remarkable case of paresis 
of the ocular muscles, in which, " on moving an object in a certain direc- 
tion, the images seen by the two eyes appeared wider and wider apart, until 
guddernly one of them disappeared. The object had not gone out of the field 
of vision of the deviated eye, but I believe that its image came to Ml on a 
port of ^e retina sufficiently eccentric to admit of its suppression." 
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that they see more distiiictlj' with one ttiaii with two eyes, often 
get into the way of habitually reading with one eye. I have 
done so myeolf. Similarly, I conceive, after a hypGnnutropic 
person Las once, perhaps in the first iiistunco by nit?rc chunce, 
iliacovered how much bolter ho aees with one eye alone than, 
'with the two together, ho tries it ag-aiu and again, till it becomes 
a confirmed habit. I have met with several hypermetropic 
[iC'TSons who were peri'ectly conscious that whciiovL-r tlit-y 
wiehod to soG an object distinctly with one eye, thoy instinc- 
tirely tiinied the other in. Many hypermetropics, who Bire 
not aware ol" ever having squinted in their Uvea, may he made 
to do BO by sbading one eye ; they may then he often observed 
to squint with the shaded eye, as soon as the patient rcii^iirds 
attentively any near object with the other eye. Again, if a 
pereon with normal vision be rendered artificially hyper- 
nietropic by concave glasses, he may oftt'O be aeen to squint 
with one eye as soon as he eodearonrs to soo any object 
cUstiuctly. 

The squint m at liret occasional, peiiodio, only, and may in 
this stage be generally cui'ed without n.n tipei'ation by convex 
glasses, prisms, or Javal'a stereoscopic method of oculur gyni-- 
nastiea. Indeed, after the operatiou for convei-geut strabismus, 
the tc'udeuey to squint Ktill esista — for the o})epation is power- 
leas in reniovlng the fundamoutal origin of the squint, the 
hypermetropia — and may reassert itsolf iu all its former inten- 
sity, if the patient does not, at any rate for all close work, use 
proper couvcs glagstjs. 



Case XX. 

I oppnited liy double tCTwtoniy un a. hoy, *t. II. for ft concomiUint con- 
rorgi'iit Biniint of Ibti I'if^'hl eye, Iwtli eym liejiiy liyiwrinctropii! ta ii. Vii (""^ 
having lit) ai'iitcness of vision l.iS') <if aljunt i. 'Wiioii I sm.w him tilmul tliwe 
weeks aftLT ite uperation, 1 found tlie aqiiiiit linil retiirreil to a. ilo^frM of i'" 
m the right eye, although I Wiis convincecJ I had ptTfonued the tenotomy 
very completely. T thm ordered hini to wear IC-Inch cnnvex glaisses. 
Wlieii I Mipiiii saw hiiii, tliree weeks later, the squint iwd disiijipearcd, mid 
had Dot petumed on e. tnihaequcnt visit from him three months nftorwivrds. 

In how many such cases a s^acond operation has been un- 
necessarily perfoTuicd, from the operator's impi'essioD that tho 
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muBcle had not "been " completely " divided in the first opera- 
tion, I am not in a position to say. 

After a squint has existed any considerable length of time 
it becomes confinned. The eye turns in, more or less, always, 
and from this time forwards its vision gradually diminishes. 
Thia arises, I believe, from a secondary change occurring in 
the retina. Hypermetropia mostly depends upon a congenital 
smallness of the eye, and, in a restricted sense, may thus be 
regarded as an instance of arrest of development. It is not 
unnatural, under such circumstances, to suppose that the 
retina participates in the general want of formation, and 
this view is borne out by facts. The acuity of vision ia gene- 
rally somewhat less than normal in all hypermetropic eyes 
(altogether apart from any exceptional astigmatism), and is 
markedly so in all the higher degrees. The following table 
contains an analysis of the acuteness of vision in 112 hyper- 
metropic eyes which I have carefully examined during the last 
five years : — 



Stanmaay of (he Acuity of Vimon (S) in 112 Hypermetropic Eyes. 



Degiti of Hjper- 
metropia. 



■A » tV 



ATBnga 8, 
■ i 



Degree of Hjper- 
metropia. 



to " T5 



AvengsS. 



A glance at the table proves the important fact that the 
acuity of vision (S) exhibits a progressive diminution aa the 
degree of hypermetropia rises. Bonders remarks the same 
thing, " that even after the correction of the astigmatism of 
the hypermetropic, the acuteness of vision usually remains 
rather considerably below the normal." Yet when we come 
to inspect such eyes with the ophthalmoscope, we can detect 
nothing morbid beyond the low refractive state of the eye. 
The only explanation that I can give of the amblyopia in 
hypermetropia is, as I have before said, that the retina itself 
is imperfectly developed. Admitting such a predisposition to 
imperfect visual perception, we might, a priori, have assumed. 
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what is found l)y experience, that an oye which has not partici- 
pated in vision for perhaps many years, at last practically 
loses its eight. 

This asaumptiou is fally borne out hy facta. Tho table pn 
the next page eihibitg tho acuity of vision {8) in 33 casHB of 
COTivergent squint. ZT, ia the hyponnetropia of tho primarily 
ac]umtiog eye, if, that of tho secondarily ; S^ tho acuity gf 
vision of the former, S^ that of the latter.* 

lu no less than 26 of the -yi cases is the aoiiity of vision of 
the 8C|uioting eye lesB than that of the straight eye ; tho ave- 
rage ratio of the one to the other beingj indeed, so low aa 
1 to 6. A comparativo referouca to the column "Age," and 
to the table given at p. 37 of the iuflnenco of age in diminishing 
the acuity of viaioDj proves that thia factor may be practically 
left out of consideration in the preceding deduction. One 
very important fact is rendci-od probable by thin table : that 
the duratiou of the flcjiiint has a powerful iuflut-nce in dimi- 
niahliig the patient's vision. The uecessaiy practical corollary 
to thia is, that a sijuint ia not an affection to he temporized 
with; it must bo cured as early as possible, whethor by opern- 
tion or otherwise. If it is not cured, tho patient gradually, . 
but Biiroly, loses sill useful vision with the squinting eye. A 
loss of binocular vision is not so small a loss as may bo 
imagined. The power of judging of distance is deteriorated, 
find thuH tho patient is expomed to a variety of accidents. 
Should he miset with ono to the straight eye, lio runs tho risk 
of becoming blind altogether. 

It would be foreign to the scope of thia worlt to describe 
the several methods of ocular tenotomy ; all I would Iiei-e 
remark is, that for the ciwe of squint 1 have prautiaed both 
the Bubconjnnctival section of the ocular muscles and the old 
operation of DiefTonbach ; and 1 must coufeaa tliat, pre- 
possessed aa I was at first with the former operation, 1 have 
again reverted to tho older one, which I believej porformod 
.emitiously, with the addition of an ad lihilii-rn limiting antnrc, 
Hui-pusBcs the snhconjunctival one — not iu eui'taiiily, but in the 
power it affords ua of very nearly regnlatiug our operation iu 

* III tho tableau Acuity of VIkIoii under -^ I have atbjtwrilj deeignnted 
by 0. 
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ACUITY OF VISION {8) IN THIRTY-THEEE CASES OP 
MONOLATERAL CONYERGENT STRABISMUS. 
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proportion to tlip ainount of effect we wiali to produce. This 
may be estimated by means of an iastmment, of which tho 
aimexed description is from the second number of the Opli' 

thahnic Emievj : — 

"A STEiBISMOMETBB. 

"The object of this instrumenl is to meaaure precisely nnd reaiiilj tho 
linear aiaoiint of deviation of a. squinting eye. Tlia tnttitid tlint Ima hit!ii;rt« 
been adopted for this purpose is (k'scribed by Dr. Alfred GrjilV in tbe fwliow- 
ixig words : — ' To expreBB tie amount of displaueuicnt of ft. lieviiiteii eye, it is 
better in pmctice to make aucli dutenmnatiou*, «« von Grnfe dues, by liiie&r 
tliaii by ftngiiiar mensuTemente, the estinuUion of the roriiier being mucli 
luoje gertain than tbal of th'C latter. Mark 
on the lower eyelid the point which oorrpsponde 
to tin* [vciticai] diuuieter of the pupil of the 
devhaiiig eye ; then [by escluiLiig tlio other 
^e from vii«on] cause the pntient to fix an 
object vi'itli this ^ame eye, \mA again uta.ik the 
point corresponding to tile [vertical] diaraelor 
of the pupil ; the distouce of these two points 
Ifam one miother is tho linear expre^ion of 
thii devktiou in queatiori.' * There fUP several 
objectiuiiB to this luetliod. It ia tediuiis : it 
involviw four distinct wets— two on the p4irt uf 
the patient and two on tlijit of the surgeon— 
both iiiaucurute in their eharaeter. Th« devi- 
ated (twittinting eye) is DOt at aU (ineoranionly 
amblyopic ; and hence its power of fixation 
uncenotii. The ' luai'lcing ' of the lower eye- 
lid icivolvca Beveral iniwcumcies. The inarlciug 
often iiritftttw the eyelid aiiificiently to prevent 
the pitttent kecpiii^^ it perfectly fixeil in one 
position. The mark itself, made by pen And 
ink, i-mbraoes three sources of error : ita diih- 
eully of eieculion, ita nettestBary u-re^arity 
and thJckneas, and an iaconvenioat method of 
aightiag the diameter of tho puplL Tilt's 
method of von Grde'e contains, I thirik, so 

inany element} O'f error u<9 to cast eerious doubts on the iianierlcal prcGiaioQ 
of tlv diita it iitFords. I, therefore, Bomo years ngo had an instmmcnt 
(Fig. 30) conatractcd, wliioh I ooncei?ed niiglt obviate these ¥4uious 
objections. It eooaists of an ivory piato {F), inoiiUlod (from aetuni fsperi- 
ments oii the living nubju'ct) to the uonfurmatioii of the lower eyelid, the free 

* " Kliniache Annlyge der MolUitatssti>rungen des Atlgea," von Dr. Altred 
Grafe, Berlin, 1868, p. S7. 
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border corresponding to that of the lid. This border is graduated in such a 
maimer, that, while its centre ia designated b; 0, Paris lines and half-lines 
are marked off on each eide of 0, in the manner indicated in the annexed 
diagram. Attached to the plate is a handle (H). The application of this 
etrabiamometer is obvious. The ivory plate is applied to the lower eyelid, 
the boidera of the two corresponding. If the cornea is central, the vertical 
diameter of tlie pupil corresponds to ; if inverted, to a graduation oa 
the inner side of ; if everted, to one on the outer side of 0. These 
remarks hold good when the patient Is regarding a distant object 
It may be objected to this method, that as the plate of the instrument 
necessarily cannot exactly correspond in size and conformation to eveiy 
eyelid to which it b applied, and secondly, as the non-deviated eye itself 
may not be exactly central, the resulting determinations must be inexact 
After some years' experience of its use, I (and others who have employed the 
instrument) find these objections are practicaUy of no moment Moreover, 
our object in practice is to estimate rather the relative differences of position 
of the two eyes than their individual absolute positions, and the data afforded 
by the BtmbismometeT are always exact la this point of view. At the time 
of my constructing tliis instrument, I sent one to my friend Dr. Snellen, of 
Utrecht, and one to Dr. Liebreich, then of Berlin, now of Paris, The only 
literary notice of the stroblBmometer I published is contained in a footr-uote 
to page 8 of my address on ' The Progress of Ophthalmic Surgery ' (read 
before the Korth London Medical Society on February 11, 1863), where 
I say, ' The author may here perhaps aUude to a very simple little instru- 
ment he has constructed for the linear measurement of the exact amounts of 
deviation of the eyeballs in cases of strabismus. It may be had of Messrs, 
Weiss.' 

"It will be readily seen that by the strabismometer the relative positions of 
the coniese may be ascertained for all positions of the eyes ; and, further, 
that it is equaUy applicable to cases of divergent stmbismua. 

" I have found it a convenient notation to designate by plua (+) aU positions 
of the centre of the cornea to the inner (nasal) side of ; by minue ( — ) those 
to the outer side. Thus, if the patient regards a distant object in the middle 
line, a convergent squint of the right eye of 2 lines would bo briefly desig- 
nated as : — , . 

L e. :o 

r.e. :+2; 

a direigent squint of 3 lines of the left eye as : 

r. e. : 
1. e. : -3; 

« 

u. coDvergeut aqumt of both eyes, in the ngbt of 2^ lines, in the left of 

1 ''''*''"= r.e.:+2i 

L e. : -|-1, &c. &C. ; 

and the same method ia applicable to all lateral positions of the eye, whether 
squint exists or not" 
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I would finally remark, that of all cases of strablamic am- 
blyopia whicli I have examined with the ophthalmoscope, I 
cannot find a single one in my notes in which anything morbid 
was observed in the eye beyond a hypermetropic refi^ction. 
The amblyopia is, then, probably the result of a species of 
chronic paralysis, or inertia of sensibility of the retina, pre- 
disposed to in the first instance by imperfection of de- 
velopment, directly caused by the practical exclusion of the 
squinting eye from the act of vision. 



THE END. 
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!<S ; elfiict nf soconinioiistion in, 69 ; 
its op)>thAlnuisoopic 'Igni, 60 ; nciite- 
n«s?ofTiBion lowored in, 101. 

Hjpemie tropin ikcouminoJalioD, G6, 

IWMJHB, fonrmlion of, by a minnln 
upaTlure, 13 ; by convex lenses, 13 i 
by ooncnv^ lenses, 34 ; real imngel^ 
IS 1 lirtual one^ IS. 

IrJB, Mip piemen tory to aceomniodik- 
tJon, 'H. 
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INDEX. 



Javal's iDetliod of determining aatig- 
niAliam, 72. 

Lenses, optical, G ; convex, 6 ; focus 
of, 7 ; paralliil rays on, 7 ; noniBD- 
datura of, 8 ; effect of combinations 
of, 9 ; divergeut raya on convex, 9 ; 
formation of images bj convex, 
10 ; nittgnifying poorer of convex, 
IB; "power" of, IE; of the eye, 
17 ; coDcave, 32 ; on concave, 
33; determination of focal lengths 
of, 3i ; optioiaas' "numbare" of, 
3S; ratioDBle of concave, 42 ; dimi- 
nishiog power of concave, 43 ; 
"dazzling" of high concave, 4i ; 
cylindrical, 65. 

Light, nature of, 2 ; rays of, 2 ; pencils 
of, 3 ; covpnHCular and nndalatory 
theories of, 5. 

Magmii'tino power, 15. 

"Minimam vieibile," 43. 

Minute apertures, effects of, on vision, 
23. 

Monocular relief, 2S. 

Myopia, 32 ; charActeristics of, 36 ; 
cases of, 38, 45 ; effect of converg- 
ence of the eyes on its determination, 
4] ; nomenclature of, 43 ; effect of 
accommodation, 4S ; ophthalmoecopic 
signs of, 4 9< "crescent" {staphyloma 
posticum) in, 49 ; "functional," 61. 

"Myopic refraction," 49. 

"Numbers " (opticians') of lenses, 
table of, 36. 

Optic centre of a convex lens, S. 
Optical considerations, 1. 



Optometer, author's, 40; t. Gi&fe'a, 

40, 41, 

Parallel pencils, S; focus of, in convex 

Itnaes, 7 ; in concave lenses, 32. 
Pathologiuaj optica, 30. 
PhakoidoBcope, the, 19. 
Physiological optics, 17. 
"Positive" hpd "negative," explans- 

tiOQ of the terms, S3. 
" Power " of lenses, 15. 
Preface, v. 
Presbyopia, 74 ; its diagnosis, 74 ; in 

normal eyes, 74 ; its estimation, 75 ; 

its correction, 7^ ', in myopic eyes, 

77 ; in hypermetropic eyes, 79 ; ita 

cause, 79. 
Presbyopic glasses, Kitchener's table of, 

76 ; Donders's table of, 77. 

Radius of curvature of a convex lens, 

6. 
Relief, binocular, 27; moDOCnlar, 28. 

SsN'SOBinM, its share in vision, 18. 

Snellen's test-ty|ieB, 37. 

Staphyloma posticum, 49, 

Stereoscope, theory of, 27 ; Brewster's 
theory of, 29. 

Strabismus coovergens, 100 ; ita de- 
pendence on bypermetropia, 101 ; ita 
treatment,, when periodic, 103 ; by 
tenotomy, 105 ; acateness of vision 
lowered in, 106. 

Strabiemometer, the, 107. 

Table of refractive powers of eyes, 30 ; 
of presbyopic glasses. Kitchener's, 
7Q i Donders's, 77. 

TTneiidal refractioD of the two eyes, Sff, 
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To avoifl fine, tliis book slumld lie reluriicd on 
or iH-foix- thf liiik- Ia.il .■itampeO bcl"w. 



